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ABSTRACT 


An  inveotigatlon  was  performed  to  compare  the  frequency 
of  occurrence  of  lenticular  Imperfections  in  the  eyes  of  a 
sample  of  736  microwave  woikers  and  a  control  sample  of  size 
559.  The  installations  surveyed  are  described  ana  their 
microwave  safety  procedures  reviewed.  The  methodology  for 
the  ophthalmoloqical  examination,  and  for  recording  the 
extent  of  lens  imperfections,  are  presented. 

Microwave  exposure  was  estimated  by  analysis  of  occu¬ 
pational  history  questionnaires.  Ophthalmo logical  observa¬ 
tions  of  special  clinical  signiticar.ee  are  presented  and 
findings  of  this  investigation  are  discussed. 


SUBJECT:  Evaluation  of  Contract  AF30( 602)-2215 

1.  The  study  accomplished  by  New  York  University-Bellevue 
Medical  Center  la  the  first  intensive  effort  undertaken  by 
RADC  to  study  the  effects  of  microwave  energy  op  the  human 

eye  and  to  relate  ophchalmo logical  findings  to  actual  conditions 
of  exposure.  7.i  the  absence  of  such  data  grave  concern  was 
often  expressed  that  the  current  maximum  permissible  level 
(MPL)  of  10  mw/cm2  for  unprotected  personnel  was  excessive, 
and  that  prolonged  exposure  to  such  in*  nsities  would  result 
in  serious  visual  losses. 

2.  An  important  aspect  of  this  study  has  been  the  determination 
that,  in  areas  where  accepted  safety  practices  are  observed, 
microwave  workers  do  not  reveal  lenticular  changes  significantly 
different  from  those  exhibited  by  an  unexposed  or  "control" 
population.  While  sufficient  incontravertible  evidence  is  not 
yet  available  to  establish  a  firm  safety  level,  he  results  of 
this  study  suggest  that  the  tissue  damage  threshold  for  long 
term  exposure  may  exceed  10  mw/cm  .  Since  the  principal  ob¬ 
jective  of  the  RADC  microwave  program  is  to  establish  and  vali¬ 
date  a  realistic  safety  level  for  personnel  exposure,  this 
approach  is  in  line  with  our  long  range  plans. 

3.  The  NYU-Bellevue  study  has  additional  implications  for  the 
conduct  of  follow-on  animal  research.  For  example,  it  has  been 
shown  that  small  lenticular  imperfections  such  as  granules, 
vacuo leB  and  minute  opacities  are  not  r.ecessarily  precursors 

of  damaging  microwave  effects.  For  this  reason,  new  and  more 
suitable  criterial  for  specifying  lenticular  changes,  together 
with  appropriate  measuring  techniques,  must  be  developed  before 
extensive  animal  eye  exposure  series  may  be  undertaken.  More¬ 
over,  the  observation  that  marked  species  differences  exist 
with  respect  to  the  type  and  location  of  induced  lenticular 
injuries  now  imposes  the  additional  requirement  that  both 
criteria  and  examine  .ion  techniques  demonstrate  the  feasi¬ 
bility  of  extrapolating  animal  data  to  man. 


WILLIAN  a.  DOHERTY 

Project  Engineer 

Rome  Air  Development  Center 
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INTRODUCTION 


This  report  describes  a  comprehrnsi ve  study  of  a  compli¬ 
cated  and  difficult  problem.  It  will  not  be  the  last  word 
on  this  subject  but  our  hope  is  that  it  will  add  some  know¬ 
ledge  and  remove  some  fear.  Tn  addition,  it  should  aid  in 
programming  the  continuing  investigations  of  the  biological 
effectB  of  microwave  radiation. 

This  study  represents  a  logical  outgrowth  of  two  pre¬ 
vious  series  of  investigations. 

In  the  first  series  of  Investigations,  rataracto- 
genic  potentiality  cf  microwave  radiations  in  the  laboratory 
animal  under  controlled  environmental  conditions  had  been 
clearly  demonstrated. 

Secondly,  data  obtained  from  an  eye  study  survey  of  a 
group  of  employees  at  the  Rome  Air  Development  Center  (1) 
was  suggestive  of  an  increased  incidence  of  abnormal  lens 
findings  among  microwave  workers. 

As  a  result  of  these  studies,  an  ad  hoc  Eye  Study  Group 
was  convened  at  the  request  of  the  Commander,  Rome  Air 
Development  Center  for  the  purpose  of  reviewing  che  lens 
findings  of  the  Rome  employees  and  of  evaluating  these  find¬ 
ings  in  the  light  of  the  animal  induced  lenticular  opacities. 

The  Eye  Study  Group  determined  (2)  that  the  types  of  lens 
defects  found  at  the  Rome  site  are  not  different  from  the 
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types  of  lens  defects  noted  in  routine  eye  examinations,  that 
such  defects  do  not  significantly  interfere  with  vision  and 
that  technically  the  reported  defects  should  be  distinguished 
from  cataracts  in  that  a  cataract  represents  a  gross  degree 
of  lens  opacification  resulting  in  reduced  visual  acuity. 

Herein  lies  one  of  the  principal  difficulties  encountered. 
Many  minute  defects  are  spontaneously  present  in  the  lens  and 
them  has  not  been  any  correlation  as  to  whether  or  not  these 
early  changes  reprosent  Incipient  cataracts.  Some  of  these 
defects  remain  stationary  for  life.  Others  are  associated 
with  progression  of  opacification  and  ultimately  result  in 
cataract  formation.  When  this  occurs,  the  rate  of  progression 
is  usually  so  slow  that  years  may  pass  before  the  process  is 
complete.  Furthermore,  this  process  of  opacification  may  stop 
at  an  incomplete  itage  and  thereafter  remain  stationary. 

It  should  be  roted  that  ophthalmologists  do  not  ordinar¬ 
ily  diagnose  an  eye  as  having  a  cataract  unless  loss  of  visual 
acuity  has  occurred  or  the  defects  in  the  lens  are  massive  as 
compared  to  the  defects  found  in  the  Rome  group.  Moreover, 
ophthalmologists  do  not  routinely  study  the  lens  in  great  de¬ 
tail  for  minute  defects.  Furthermore,  there  is  no  standard 
method  of  conducting  the  slit-lamp  examination  nor  of  document¬ 


ing  the  morphological  and  geographical  findings 
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The  Eye  Study  Group  recommended  that  the  original  survey 
Bhould  be  expanded  to  Include  additional  military  personnel 
and  that  eimilar  otudie3  should  be  carried  out  on  selected 
employee  groups  In  electronic  industries  where  exposure 
might  exist.  In  order  to  obtain  a  larger  sample  of  exposed 
Individuals  in  order  to  develop  more  meaningful  statistics; 
that  the  sampling  procedure  employed  follow  sound  blo- 
statistlcal  practices  and  that  If  possible,  the  slit-lamp 
examinations  involved  should  be  accomplished  by  one  ophthal¬ 
mologist  in  order  to  Insure  uniform  observations. 

At  this  point,  it  iB  prudent  to  review  some  of  the  ana¬ 
tomical  characteristics  of  the  normal  lens.  The  lens  is 
entirely  ectodermal  in  origin  and  at  an  early  embryonic  stage 
of  development,  the  lenticular  cells  are  isolated  from  the 
rest  of  the  body  by  an  envelope,  its  capsule.  Although  this 
tissue  is  isolated  from  the  cellular  components  of  the  body. 

It  continues  to  grow  throughout  life  without  any  new  cells 
entering  the  lens  nor  any  lenticular  cells  leaving.  Being 
avascular,  the  lens  is  at  a  disadvantage  by  not  ..avlng  as 
effective  a  cooling  system  as  the  other  tissues  of  the  body 
as  well  as  not  having  available  macrophages  or  replacement 
cells  as  occurs  in  the  repair  processes  elsewhere  in  the  buuy. 

The  lens  is  a  biconvex,  transparent  tissue  situated  near 
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the  anterior  portion  of  the  eye.  lying  directly  behind  the  iris 
in  the  primary  axis  of  the  eye.  Its  diameter  is  less  than  1.5 
centimeters  and  its  thickness  from  anterior  to  posterior  pole 
is  less  than  5  millimeters.  In  the  center  of  the  lens  is  the 
earliest  portion,  the  fetal  nucleus.  This  is  surrounded  by 
the  adult  nucleus,  which  in  turn  is  surrounded  by  the  cortex. 
Lining  the  anterior  surface  of  the  lens  is  a  1  cell  thick 
layer  of  epithelial  cells  which  extends  to  the  equatorial  re¬ 
gion,  where  peripheral  epithelial  cells  undergo  transformation 
into  lens  fibre  cells.  The  peripheral  surface  of  this  tissue 
is  enclosed  by  an  inert  transparent  capsule. 

Due  to  the  optical  qualities  of  the  eye,  the  lens  can  be 
examined  by  a  slit  lamp.  This  instrument  is  a  type  of  bio¬ 
microscope  having  a  light  beam  which  can  be  altered  in  size 
and  intensity.  In  addition,  the  light  may  be  focused  upon 
any  level  of  the  lens  concurrently  with  the  viewing  micro¬ 
scope  so  that  although  the  lens  is  transparent,  the  portion 
brought  into  focus  may  be  examined.  By  slit-lamp  examination, 
the  various  regions  of  the  lens  may  be  recognl  :ed  and  imper¬ 
fections  noted. 

Injury  to  any  portion  of  the  lens  may  result  in  loss  of 
transparency,  a  condition  termed  opacification.  This  may 
occur  in  localized  regions  of  tho  lens  or  diffusely  throughout 
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the  lens  substance.  When  opacification  has  been  established, 
it  may  remain  stationary  throughout  life;  it  may  progress  or 
after  partially  progressing,  it  may  become  stationary. 

Sporadically,  cases  of  cataract  formation  in  humans  who 
have  been  exposed  to  microwave  radiations  have  been  reported. 
These  cases  have  exhibited  extensive,  dense  opacification 
which  represents  the  end  result  of  massive  lenB  damage. 

Some  of  these  patients  have  been  followed  closely  by  ophthal¬ 
mologists  who  have  attempted  to  determine  whether  causal 
relationship  existed. 

Two  complicating  factors  arose  in  evaluating  the  avail¬ 
able  human  material.  The  first  of  these  was  the  possibility 
of  mixed  microwave  and  ionizing  radiation  exposures.  Both 
types  of  radiations  can  produce  lens  opacification.  For  this 
reason  as  well  as  the  need  to  specify  microwave  exposure, 
evaluation  of  the  environmental  history  is  very  important. 

The  second  factor  requiring  consideration  was  the  lack 
of  a  standardized  method  of  examining  the  lens  -\s  well  aB 
a  lack  of  uniformly  recording  the  findings  of  such  an  exam¬ 
ination.  Certain  minute  lens  defects  occur  normally  and  there 
is  no  agreement  amongst  ophthalmologists  as  to  nomenclature 
regarding  these  defects  and  as  to  whether  or  not  these  early 
changes  represent  incipient  cataracts. 
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Thus,  we  were  brought  to  a  realization  of  the  Inade¬ 
quacy  of  previous  methods  of  investigating  the  available 
human  material  and  to  a  realization  of  the  importance  of 
establishing  a  parameter  of  hazard  associated  with  micro- 
wave  radiation.  It  was  imperative  to  design  our  study  in 
such  a  manner  that  it  would  be  meaningful  and  biostatisti- 
cally  sound. 

Our  study  was  designed  with  the  hope  that  it  could 
accomplish  the  following  objectives: 

1.  Establish  a  standardized  method  of  slit-lamp 
bio-microscopic  examination  of  the  crystalline  lens  of 
the  eyes. 

2.  Examine  "exposed"  and  control  personnel  to  de¬ 
termine  the  extent,  if  any,  of  cataract  formation  and  to 
report  all  types  of  lens  defects  along  with  their  geograph¬ 
ic  locations. 

3.  Evaluate  environmental  data  relating  to  micro- 
wave  and  ionizing  radiations  as  concerns  the  subjects 
studied. 

4.  Advise  whether  or  not  an  eye  health  problem  ex¬ 


ists 
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5.  Provide  a  detailed  description  of  the  methods  of 
surveying  for  microwave  and  ionizing  radiation  exposure  in  the 

various  establishments  participating  in  our  study. 

6.  Critically  review  these  procedures. 

7.  Develop  improved  methods  of  characterizing  the  ex¬ 
posure  histories  of  personnel. 

8.  Prepare  recommendations  which,  if  adopted,  would 
lead  to  a  more  uniform  method  of  performing  environmental 
surveys,  a  unified  procedure  for  reporting  the  data,  and, 
hopefully,  the  establishment  of  a  registry  of  environmental 
data  which,  when  correlated  with  the  accumulating  clinical 
information,  will  assist  to  interpret  the  relationships  that 
exist  between  the  environmental  and  clinical  findings. 

Preliminary  studies  were  made  to  establish  a  standard¬ 
ized  method  of  slit-lamp  examination  in  association  with 
the  use  of  the  Donaldson  stereo-camera  which  photographs 
the  lens  of  the  eye  in  stereopsis.  By  combining  these  two 
methods  of  study,  it  was  possible  to  document  many  types  of 
lens  defects,  especially  those  defects  having  potential  clin¬ 
ical  significance. 

Concommitantly  environmental  exposure  history  question¬ 
naires  and  biostatistical  criteria  for  selecting  exposed 
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and  control  subjects  were  developed.  These  criteria  will  be 
presented  herein. 

Following  initial  examination  of  a  group  of  workers  at 
the  Rome  Air  Development  Center,  the  entire  cphthalmo logical 
problem  was  re-evaluated  and  the  following  findings  were  noted: 

1.  Every  lens  examined  has  imperfections. 

2.  Detailed  examination  of  the  most  heavily  exposed 
patients  at  RADC  failed  to  reveal  any  pathognomonic  lens 
defect. 

3.  To  be  significant,  defects  must  be  of  such  a 
nature  of  magnitude  that  they  can  readily  be  verified  by 
slit-lamp  examination  or  documented  by  photography. 

At  the  same  time,  the  original  Rome  Eye  Study  Survey  waB 
examined  statistically  and  expressed  in  graph  form  relating 
the  total  number  of  lens  defects  per  lens  plotted  against 
age.  In  the  control  group,  this  grapn  clearly  demonstrated 
a  linear  function  (3). 

Satisfied  that  we  could  express  the  eye  findings  in  a 
numerical  fashion,  estimate  the  exposure  by  s  .oring  tech¬ 
nique  and  relate  the  two  by  statistical  analysis,  the  proce¬ 
dure  for  obtaining  the  sample  and  insuring  a  blind  ophthal- 
mo logical  study  was  put  into  operation. 

This  investigation  was  based  upon  the  sample  of  the 


exposed  group  being  as  representative  as  possible  of  per¬ 
sonnel  employed  in  a  permissible  microwave  environment. 
However,  because  of  our  interest  in  the  problem  of  micro- 
wave  cataract,  two  individuals  suspected  of  having  this 
condition  were  privately  referred  to  the  ophthalmologist 
during  the  course  of  this  investigation  and  he  was  thus 
afforded  the  opportunity  of  establishing  this  diagnosis 
and  determining  the  manner  in  which  exposure  to  microwave 
radiation  Induces  cataracts.  These  findings  along  witn  a 
review  of  the  literature  will  be  reported  separately. 

This  investigation  has  been  undertaken  under  Contract 
AF  30  1602)  2215  with  the  Rome  Air  Development  Center  at 
the  recommendation  of  the  Tri-Services  Microwave  Committee. 

In  addition  to  the  Army,  Navy,  and  Air  Force,  many  industrial 
companies  participated  and  without,  their  cooperation,  the 
study  would  have  been  meaningless.  To  all,  we  express  our 
deep  appreciation. 

A  final  word  is  in  order  regarding  the  statistical 
methodology.  In  the  construction  of  the  mathe>  atical  models, 
one  must  be  aware  that  the  purpose  of  the  model  is  to  pro¬ 
vide  theoretical  conclusions  which  then  are  subjected  to 
a  test  before  being  accepted.  If  there  had  been  no  models. 
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the  complex  conclusions  attempted  herein  could  never  have 
been  conjectured  A  good  model  will  fit  more  facts  than 
a  poor  one,  but  no  model  can  be  perCert.  For  this  reason, 
it  has  been  necessary  to  critically  evaluate  the  mathemati 
cal  expressions  from  the  viewpoint  of  clinical  credibility 
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DESCRIPTIONS  Ul  INSTAiiiaVlIOWS  SURVEYED 

The  samples  of  microwave  workers  and  controls  included  in 
the  overall  study  were  selected  fro...  si.- teen  separate  instal¬ 
lations.  The  work  at  these  installations  encompasses  a  vari¬ 
ety  of  types  of  microwave  operations  including  research  and 
development,  operation,  installation,  maintenance,  and  test 
of  microwave  equipment. 

The  survey  included  samples  from  installations  located 
in  eight  states  in  the  United  States  and  in  c  te  foreign 
territory.  A  geographical  breakdown  of  the  survey  reveals 
that  nine  of  the  installations  visited  were  located  in  the 
northeast,  three  in  the  far  west,  two  in  the  southeast,  one 
in  the  extreme  northwest,  and,  one  visit  was  made  to  a  United 
States  installation  on  foreign  territory. 

Eight  of  the  sites  in  the  survey  are  military  installations, 
four  being  controlled  by  the  Air  Force,  three  by  the  Navy,  and 
one  by  the  Army.  The  samples  of  radar  workers  from  most  of 
these  military  sites  Include  both  military  personnel  and  civ¬ 
ilians  employed  either  by  the  government  or  by  gc-ernment  con¬ 
tractors.  The  other  seven  installations  are  operated  by  pri¬ 
vate  industry,  six  of  them  by  electronics  companies  and  one  by 
a  chemical  company  utilizing  microwave  radiation  in  a  non-radar 
research  capacity. 
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A  treakdown  of  the  total  sample  according  to  Job  claasifi- 
cation  Is  shown  in  Table  1-1.  The  most  frequent  types  of  micro- 
wave  work  encountered  in  this  study,  in  order  of  decreasing 
frequency,  are  operation,  installation,  and  testing  of  micro¬ 
wave  equipment  (73%),  followed  by  research  and  development  (12%). 

TVo  of  the  eleven  installations  were  visited  during  pre¬ 
liminary  stages  of  the  investigation,  and  the  data  obtained 
from  them  has  not  been  included  in  the  statistical  analysis 
presented  in  this  report.  The  data  from  one  other  installation 
was  incomplete,  necessitating  its  elimination  from  the  analysis. 

Table  1-1  categorizes  the  thirteen  sites  included  in  the 
analysis  of  the  data,  according  to  the  type  of  installation 
and  the  major  function  of  each.  In  each  case,  when  possible, 
detailed  descriptive  information  was  collected  with  particular 
interest  being  given  to  work  practices,  sampling  fraction,  types 
of  microwave  equipment  in  use,  and  microwave  safety  practices. 

Installation  A 

Installation  A  is  a  large  military  establishment  where 
microwave  operations  are  divided  between  research  and  develop¬ 
ment  of  high-powered  search  radar  equipment  and  the  mainten¬ 
ance  of  airborne  radar  equipment.  One  hundred  forty-eight, 
microwave  workers  and  one  hundred  forty-seven  controls  wore 
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examlned. 

The  personnel  at  Installation  A  may  be  divided  into  two 
groups,  those  engaged  in  research  ar.d  development.,  and  those 
in  airborne  radar  maintenance .  The  research  and  development 
work  is  mainly  performed  by  civilian  employees  of  the  govern¬ 
ment;  and,  due  to  the  nature  and  requirements  of  the  work,  this 
group  generally  has  a  higher  mean  age  and  more  exposure  to 
microwave  radiation  than  the  aircraft  maintenance  group  which 
comprised  the  majority  of  the  sample.  Thi*  oroup  was  mainly 
composed  of  young  service  personnel  with  less  microwave  exper¬ 
ience  than  the  civilian  group.  The  types  of  exposures  of  this 
group  result  from  testing  and  aligning  procedures  on  aircraft 
radar. 

Surveying  of  microwave  hazards  is  handled  by  an  on-site 
'unit  whose  duties  are  concerned  with  microwave  measurements 
of  various  kinds.  This  group  surveys  possible  sources  of  over¬ 
exposure  on  request  of  on-site  operating  personnel.  The  sur¬ 
veying  procedure  follows  a  service  directive  (4)  which  specifics 
the  delineation  of  safe  distances  in  regards  tc  the  10  mw/cm2 
limit.  The  directive  also  lists  the  complete  specifications 
of  the  test  equipment  and  specifies  the  method  of  calculation 
to  be  used  and  the  procedure  to  be  followed  in  each  survey.  The 
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surveying  procedure  thus  appears  to  be  well  standardized. 


Installation  B 

This  installation  Is  a  civilian  microwave  assembly  plant 
employing  approximately  fifty  microwave  workers.  Nineteen 
microwave  workers  and  twenty  controls  were  examined.  The 
microwave  worker  group  was  chosen  by  company  supervisors 
as  representing  those  Individuals  at  Installation  B  with 
past  and  present  microwave  exposures  of  varying  degrees. 

The  plant  function  is  mainly  design  and  assembly  of 
microwave  modulators.  All  transmitter  tubes  are  purchased 
from  other  manufacturers  and  Incorporated  Into  the  assembly 
at  this  installation.  There  Is  no  tube  testing  performed 
at  this  Installation. 

Airborne  radar  transmitters  and  receivers  are  regu¬ 
larly  tested  in  specially  designed  environmental  rooms  con¬ 
structed  to  simulate  high  altitudes.  The  negative  pressure 
within  the  rooms  limits  entry  during  operation  of  microwave 
„4uipra«r.t  and  decreases  the  possibility  of  personnel  •»!«- 
sura.  The  walls  of  the  chambers  are  lined  with  steel  plates 
such  that  transmission  to  the  environment  is  minimized. 

Test  chambers  with  wire  mesh  exteriors  and  nonreflecting 
interiors  (rubberized  horsehair  mats)  are  also  used  to  test 
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transmitter  performance.  There  is  no  restriction  on  access  to 
these  rooms  during  operation  of  the  radar  equipment. 

Some  work  is  being  done  with  X  band  radar  indicating  the 
possibility  of  high  power  densities  in  very  limited  areas  (pen¬ 
cil  beams ) . 

The  majority  of  the  antenna  work  is  restricted  to  low  powers 
estimated  to  be  in  the  microwatt  region.  Higher  powered  trans¬ 
mitters  and  antennas  have  been  used  in  the  past,  but  no  radia¬ 
tion  surveys  were  made  at  that  time. 

In  general,  the  low  powers  involved  and  the  use  of  environ¬ 
mental  and  shielded  chambers  suggests  that  high  level  exposures 
would  not  now  be  expected  at  this  installation. 

There  is  no  regular  microwave  surveying  procedure  being 
used.  No  survey  instruments  have  been  designated  to  check  power 
densities  and  there  is  no  systematic  procedure  for  requesting 
surveys  or  reporting  the  findings  of  a  survey.  In  the  event 
of  an  expect  X-ray  exposure,  film  badges  are  issued.  This  is 
not  done  on  a  routine  basis. 

Installation  C 

Inst- llatlon  C  ic  a  large  military  missile  tracking  facility 
at  wh  ?eventy-five  microwave  workers  and  thirty-eight  controls 
were  examined.  The  total  number  of  microwave  workers  at  this 
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site  Is  approximately  one  hundred.  The  sample  was  chosen  par¬ 
tially  on  the  exposure  history  questionnaire  data  and  also  by 
the  subjective  judgement  of  the  supervisory  personnel  at 
Installation  C. 

The  microwave  v/orkers  iray  be  divided  into  civilian  and 
military  employees.  The  civilians  may  be  further  broken  down 
into  two  groups.  One  group  consists  of  workers  employed  by 
companies  doing  contract  work  for  tne  government.  The  other 
group  is  comprised  of  civilians  directly  employed  by  the  govern¬ 
ment. 

The  radar  equipment  is  generally  medium  to  high  power 
(i.e.,>100  watts  average  output)  and  exists  in  a  variety  of 
types  which  include:  tracking  radar,  mobile  van  units,  air¬ 
borne  radar,  radar  beacons,  radar  Jammers,  and  shipborne  radar. 

Due  to  the  great  variety  in  radar  types,  a  quantitative 
classification  of  radar  exposures  for  each  individual  is  im¬ 
possible,  as  was  generally  the  case  in  this  study.  Sites  of 
possible  exposure  are  around  the  antennas  of  the  higher  pow¬ 
ered  equipment.  Remote  radar  equipment,  which  1b  not  well 
supervised  or  surveyed,  appeared  to  offer  the  greatest  proba¬ 
bility  of  over-exposures.  Certain  are^s  in  which  men  worked 
in  close  proximity  to  radiating  antennas  have  been  surveyed 
and  found  to  exceed  the  maximum  acceptable  exposure  levels  of 
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10  mw/cm2.  Such  findings  have  led  to  the  designation  of  exclu¬ 
sion  areas  or  relocation  of  equipment  to  reduce  the  power  den¬ 
sity  to  levels  that  conform  to  the  10  mw /cm2  specification. 

Responsibility  for  the  surveying  of  possible  radiation 
hazards  rests  with  a  testing  and  monitoring  group.  This  group 
performs  microwave  power  density  surveys  at  the  request  of  the 
director  of  the  specific  operation  in  question  or  at  the  request 
of  the  health  officer.  The  survey  is  performed  according  to 
a  standard  procedure  followed  in  evaluating  possible  radio  fre¬ 
quency  hazards  at  this  installation.  The  areas  of  power  den¬ 
sities  greater  than  10  milliwatts  per  square  centimeter  are 
located  and  all  personnel  are  excluded  from  such  areas.  Til 
addition  to  the  microwave  surveys,  the  transmitters  are  some¬ 
times  surveyed  for  X-radiatlon  levels. 

A  detailed  report  of  each  survey  is  written  and  distri¬ 
buted  to  both  the  group  requesting  the  survey  and  to  the  group 
responsible  for  overall  site  safety.  In  general,  the  surveying 
and  reporting  procedure  appears  adequate  to  protect  the  workers 
trom  microwave  radiation  hazard#  wh <-he  surveys  arc  performed 
The  possibility  of  over-exposures  in  unsurvoyed  area"  exists 
due  to  the  fact  that  the  radar  equipment  is  deployed  over  a  wide 
area  and  is  in  some  cases  mobile. 
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Installatfon  D 

Installation  D  is  a  smaller  military  miBsilc  tracking  site. 
The  majority  of  the  microwave  workers  at  this  installation  work 
for  civilian  contractors  who  install,  operate,  and  maintain 
missile  tracking  and  area  clearance  radar  for  the  military. 
Approximately  fifty  men  are  employed  In  microwave  work  at  site 
D.  Of  this  group,  fifteen  were  examined  along  with  eight  con¬ 
trols.  The  microwave  workers  were  selected  on  the  basis  of 
availability  rather  than  on  the  basis  of  the  microwave  history 
questionnaire. 

Many  of  the  radar  installations  at  this  site  are  remotely 
located  and  staffed  by  a  small  group  of  men  who  function  more 
or  less  Independently  of  other  groups.  At  each  of  these  loca¬ 
tions,  there  is  the  possibility  of  exposure  to  ionizing  and 
microwave  radiation  from  the  transmitters  and  microwave  expo¬ 
sure  from  the  antennas.  Film  badges  have  been  issued  to  all 
employees  at  this  site.  There  is  no  group  available  on  a  con¬ 
tinuous  basis  to  perform  radiation  surveys. 


Operations  at  Installation  B  include  research  and  develop¬ 
ment  of  advanced  radar  systems  for  miBSile  detection.  'There 
are  also  tube  producing  facilities,  antenna  develop* tent  projects, 
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electromagnetic  scattering  experiments,  and  fabrication  of  field 
evaluation  models  at  this  installation. 

The  total  number  of  people  employed  in  microwave  work  at 
Installation  E  is  eight  hundred.  Thirty-one  microwave  workers 
and  twenty-five  controls  were  examined.  The  exposed  group  as 
selected  by  company  representatives  is  comprised  of  individuals 
with  varied  degrees  of  microwave  exposure. 

Although  there  is  a  wide  variety  of  possible  sources  of 
microwave  exposure,  the  generally  low  powers  should  tend  to 
minimize  the  operating  hazards  The  testing  of  microwave  com- 
pon ants  is  generally  carried  out  in  specially  designed  rooms 
lined  with  rubberized  horse  hair  to  reduce  power  spray.  The 
process  of  antenna  testing  is  performed  out  of  doors  with  the 
antennas  mounted  on  towers.  The  antenna  power  outputs  are 
normally  of  the  order  of  microwatts  and  there  J"  small  likeli¬ 
hood  of  overexposures  from  antenna  radiations.  Frequencies  up 
to  a  maximum  of  12.5  kllomegacycles  per  second  are  used. 

In  the  event  of  a  suspected  microwave  radiation  hazard, 
ty.®  aupprvlsor  in  charae  of  the  equipment  requests  a  hazard 
survey.  The  survey  is  supervised  by  the  head  safety  engineer. 
Power  densities  in  excess  of  10  milllwatts/cm2  of  microwave 
radiation  (at  any  frequency  from  L  band  and  up)  are  considered 
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ha^ardous  and  such  conditions  are  corrected.  The  surveys  are 
performed  with  a  Ramcor  detector. 

A  survey  report  is  made  to  the  head  safety  engineer  a*.- 
supervisor  who  requests  Ihe  survey.  Such  survey  results  are 
kept  on  file  by  the  safety  department. 

Installation  F 

Installation  F  is  a  civilian  company  engaged  in  contract 
work  for  the  government.  Radar  defense  systems  are  developed, 
tested,  and  operated  at  this  site.  There  are  approximately 
three  hundred  microwave  workers  at  this  site.  One  hundred 
microwave  workers  and  thirty-seven  controls  were  examined  at 
site  F.  The  microwave  workers  were  chosen  by  the  company  as 
representing  those  individuals  with  suspected  microwave  expo¬ 
sures  of  varying  degrees. 

The  operation  of  very  high  powered  radars  at  Installation 
F  is  a  source  of  potential  exposure.  Such  equipment  has  been 
provided  with  safety  Interlock  systems  to  avoid  exposure  to  the 
hivjh  poweii  denial  Lies  associated  with  the  antennas. 

Installation  G 

Installation  G  is  a  large  civilian  research  and  development 
laboratory  engaged  in  military  and  civilian  microwave  work.  The 
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mllltary  work  involves  research,  development,  fabrication,  and 
testing  of  missile  guidance  systems.  The  work  at  this  part  of 
the  laboratory  involves  the  operation  of  some  high  powered  radar 
sets  (r.e.,  >  1  Kw  average  power).  The  number  of  employees 
engaged  in  microwave  work  at  this  site  is  approximately  four 
hundred. 

The  civilian  work,  which  is  performed  at  a  separate  site, 
is  mainly  concerned  with  lower  powered  communications  systems 
(<  10  watts  average  power).  This  work  involves  research, 
development,  and  testing  of  microwave  communications  networks. 
There  is  some  communications  work  on  tropospheric  scattering 
being  carried  out  that  involves  higher  power  outputs  (i.e., 

>100  watts  average  power).  The  number  of  employees  engaged 
in  microwave  work  at  this  site  is  approximately  one  hundred. 

The  sample  of  microwave  workers  examined  at  Installation  G 
was  chosen  on  the  basis  of  the  duration  of  past  microwave  ex¬ 
perience.  The  total  number  of  microwave  workers  examined  was 
forty-four.  This  sample  was  composed  of  thirty-five  men  from 
the  site  engaged  in  military  work  and  nine  men  from  the  civilian 
branch. 

The  company  has  set  up  a  standard  procedure  for  the  evalu¬ 
ation  of  microwave  hazards  and  for  the  protection  of  the  workers. 
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In  the  event  there  is  an  operation  that  may  present  a  hazard,  the 
project  engineer  directly  In  charge  of  the  operation  assumes  the 
responsibility  of  avoiding  overexposures.  On  the  basis  of  the 
known  operating  characteristics  of  the  equipment,  he  makes  use 
of  standardized  safe  distance  formulas  to  delineate  the  hazardous 
areas.  These  areae  are  designated  as  radiation  hazard  areas 
and  are  fenced  off.  The  power  density  levels  are  then  checked 
with  survey  meters  to  insure  that  the  calculations  are  accurate 
in  defining  the  radiation  area. 

Since  the  calculations  may  be  made  before  the  equipment 
has  been  turned  on,  this  procedure  appears  to  be  safer  than 
commencing  operation  without  knowledge  of  the  possible  hazards 
involved. 

The  level  of  10  milliwatts  per  square  centimoter  Id  speci¬ 
fied  as  being  potentially  hazardous.  A  level  of  less  than 
1  mw/cm2  is  attained  whenever  possible  since  this  is  considered 
safe  by  this  company  for  indefinitely  prolonged  exposure  or 
permanent  assignment. 


The  work  at  this  civilian  installation  is  mainly  fabrica¬ 
tion  and  testing  of  radar  equipment. 

The  total  number  of  employees  engaged  in  microwave  work  la 
approximately  four  hundred.  The  sample  examined  consisted  of 
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forty  microwave  workers  and  forty-one  controls.  More  detailed 
information  is  not  available 

Installation  1 

Instcj-lation  I  is  a  civilian  operation  devoted  to  research 
and  development  of  surface  arid  navigational  radar. 

Tlie  total  number  of  workers  actively  engaged  in  microwave 
work  at  this  installation  <-  approximately  one  hundred.  The 
sample  consisted  of  fifteen  microwave  workers  and  seventeen 
controls.  The  exposed  group  chosen  Ly  the  company  represents 
individuals  with  possible  past  and  present  exposure  to  micro- 
wave  radiation. 

This  installation  is  one  part  of  a  large  industrial  radar 
complex.  Bach  part  is  autonomous  in  regard  to  epeclflc  details 
of  microwave  safety  administration,  but  all  installations  follow 
a  general  company  safety  policy.  The  executive  Bafety  organi¬ 
zation  makes  recornnendatlons  which  are  mandatory  only  in  the 
case  of  the  existence  of  decided  hazards.  The  executive  group, 
therefore,  serves  mainly  in  an  advisory  capacity. 

The  research  and  development  work  performed  at  Installation 
I  loss  not  generally  Involve  high  power  densities  although  there 
is  some  equipment  with  power  outputs  in  the  kilowatt  range  which 
is  infrequently  operated.  During  operation  of  this  high  powered 
aquipment,  the  radiating  antenna  is  located  on  the  roof  which  is 
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made  an  exclusion  area.  There  are  no  inter locks  on  the  doors 
leading  to  the  roof  and  exclusion  is  accomplished  by  means  of 
warning  signs,  lights,  and  buzzers.  There  were  a  few  antenna 
exposures  to  the  individuals  working  on  the  roof  or  working 
directly  on  the  antennas,  but  no  apparent  damage  has  *-*» 

The  research  work  eventually  leads  to  the  construction  of 
a  prototype  to  be  used  for  development.  The  surface  radar 
prototypes  are  the  kilowatt  transmitters  previously  mentioned. 
Since  most  of  this  work  Involves  L  band  equipment,  there  is 
little  chance  of  encountering  small  beams  of  very  high  power 
densities.  A  limited  amount  of  testing  of.  low  power  output 
equipment  is  performed  in  anechoic  chambers.  Experimental  work 
is  being  carried  out  to  develop  power  absorbing  drums  to  serve 
as  dummy  loads,  or  anechoic  chambers  for  high  powered  equip¬ 
ment.  Such  equipment  would  decrease  the  use  of  outside  antennas 
for  transmitter  testing  and  thereby  reduce  the  hazards  asso¬ 
ciated  with  free  space  irradiation  in  heavily  populated  areas. 
There  drum  loads  are  being  developed  for  use  with  transmitters, 
having  power  outputs  greater  than  10  kilowatts. 

At  Installation  I  the  safety  administrator  works  with  the 
head  project  development  engineer  in  formulating  a  microwave 
safety  program.  The  execution  of  the  safety  program  is  a  Joint 
effort  on  the  part  of  the  safety  department  and  the  project 
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engineer  directly  Involved  with  the  problem. 

The  program  la  generally  similar  to  that  at  Installation  G 
and  is  well  specified  in  a  company  directive.  This  directive 
outlines  areas  of  responsibility,  and  establishes  control  over 
all  equipment  which  generates  or  carries  RF  within  any  of  the 
installation  facilities.  The  safety  administration  at  Instal¬ 
lation  I  has  decided  to  establish  a  maximum  exposure  level  to 
RF  radiation  of  1  milliwatt  per  square  centimeter  average  power 
density.  This  level  was  decided  upon  since  it  was  felt  that 
inaccuracies  involved  in  the  use  of  microwave  field  intensity 
survey  meters  warranted  an  Increase  in  the  safety  factor,  and 
also  because  it  was  felt  that  this  level  could  be  maintained  in 
most  instances  without  undue  difficulty  or  expense. 

The  department  managers  are  given  prime  responsibility  for 
ensuring  the  safe  operation  of  equipment.  They  also  must  see 
that  the  necessary  coordination  has  been  obtained  with  the 
facilities  safety  office  prior  to  the  operation  of  any  RF 
equipment. 

The  project  engineer  directly  Involved  with  the  project 
is  responsible  to  the  department  manager  for  sub.nittlng  per¬ 
tinent  operational  characteristics  data  for  the  RF  source  to 
the  safety  office.  These  data  include  peak  and  average  power, 
pulse  duration,  operating  frequency,  antenna  dimensions,  gain 
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and  radiation  pattern  aa  well  an  a  calculation  of  the  theoreti¬ 
cal  tentative  outer  limits  ot  the  radiation  hazard  zone.  This 
calculation  la  made  by  use  of  the  standard  far  field  formula  an 
specified  J"  TO-31-1-80  (4).  This  serves  as  a  basis  for  a  pre¬ 
liminary  radiation  control  plan  which  may  be  used  to  decrease 
the  hazards  associated  with  the  initial  measurements  of  power 
density. 

The  project  engineer  must  then  assist  the  safety  personnel 
In  making  power  density  measurements  on  the  equipment.  He 
must  submit  a  final  radiation  control  plan  to  the  safety  office 
for  their  approval.  Copies  of  the  approved  report  are  then 
retained  by  the  safety  office  and  the  project  engineer. 

The  power  density  surveys  are  performed  by  an  environmental 
survey  group  that  works  with  the  safety  office  and  the  pro¬ 
ject  engineer.  Pour  different  types  of  Instruments  are  avail¬ 
able  for  these  surveys.  The  choice  of  Instruments  depends 
upon  the  type  of  equipment  being  monitored  as  well  as  upon 
instrument  availability  at  the  time  of  the  survey  request. 

Ionizing  radiation  surveys  are  also  carried  out  according 
to  standard  procedures  and  the  reyulatlor.s  of  th“  Pcdcral 
Register  are  followed.  All  individuals  who  it  Is  thought  may 
possibly  be  exposed  to  ionizing  radiation  are  issued  film 
badges,  and  permanent  dosage  records  are  kept  by  th*.  safety 
office.  There  have  been  no  significant  exposures  to  Ionizing 
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rad  Iation  recorded  to  date. 

Installation  J 

Installation  J  is  a  remote  missile  tracking  facility  with 
one  very  high  powered  source  of  microwave  radiation.  The  work 
at  this  installation  is  mainly  operation  and  maintenance  of 
this  radar  equipment. 

There  are  approximately  two  hundred  men  engaged  in  RF  work 
at  this  site.  One  hundred  and  forty-two  of  these  men  were 
examined  along  with  sixty  two  controls. 

There  are  three  large  antennas  located  roughly  along  the 
perimeter  of  a  90°  segment  of  a  circle  of  one-half  mile  radius. 
These  antennas  are  elevated  approximately  20  feet,  thus  de¬ 
creasing  power  densities  near  the  ground.  The  total  radiated 
power  is  in  the  megawat-t.  region,  but  since  large  radiating  sur¬ 
faces  are  involved,  extremely  high  power  densities  are  not  en¬ 
countered  in  the  vicinity  of  the  antennas. 

The  antennas  are  located  approximately  one-half  mile  from 
the  living  quarters  and  main  work  areas,  thus  reducing  the 
likelihood  of  significant  levels  of  environmental  RF  radiation. 
Metal  enclosed  corridors  are  used  for  external  connections  to 
the  antenna  buildings,  thus  permitting  access  to  these  build¬ 
ings  with  minimum  exposure  to  rf  radiation. 

A  detailed  radiation  survey  has  been  performed  by  a  Burvey 
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team  at  the  Installation  to  delineate  rf  hazard  and  controlled 
areas.  This  survey  was  alBO  performed  to  compile  data  regard¬ 
ing  rf  intensities  within  the  safety  fence  which  has  been  built 
around  the  rear  of  the  antennas.  The  survey  Included  all  areas 
within  the  safety  fence  to  which  personnel  require  access. 

Power  density  measurements  were  made  at  approximately  fifty 
ground  level  locations  in  each  of  the  three  antenna  sectors 
and  also  on  the  roofs  of  the  transmitter  buildings  in  front  of 
the  antennas.  In  all  cases,  field  intensity  measurements  were 
made  with  calibrated  RCA  Ml-30411  Field  Intensity  Meters  which 
were  specially  designed  for  the  microwave  frequency  at  this 
Installation.  The  maximum  intensity  noted  within  an  approximate 
two-minute  period  was  taken  as  the  effective  level  at  that  point. 
Horizontal  and  vertical  components  were  measured  separately. 

The  measurements  were  used  to  designate  controlled  areas 
and  hazardous  areas.  A  controlled  area  is  an  area  where  the 
RF  power  density  is  between  1  and  10  mw/cm2,  and  a  hazardous 
area  is  where  the  RF  power  densities  are  10  nw/cm2  or  greater. 
Areas  where  the  RF  power  density  is  below  1  mw/cm2  are  not  con¬ 
sidered  dangerous  to  perconnel. 

The  survey  resulted  in  the  specification  of  hazard  areas 
between  the  scanner  buildings  and  the  antennas,  and  also  at  the 
front  of  the  roofs  of  the  buildings.  Other  roof  areas  and 


ground  areas  around  the  antennas  were  designated  as  controlled 
areas  and  were  posted  with  warning  signs.  It  was  recommended 
that  access  to  these  areas  during  operation  of  the  radar  genera¬ 
tors  should  be  permitted  only  with  a  safety  escort  and  RF  pro¬ 
tective  clothing. 

The  interiors  of  the  transmitter  buildings  adjacent  to  the 
antennas  have  been  surveyed  for  RF  and  X  radiation.  Standard 
surveying  procedures  have  been  established  such  that  each  day 
ore  of  the  transmitter  modules  is  surveyed  with  a  RF  meter  as 
well  as  an  ionizing  radiation  meter.  Those  individuals  who 
regularly  work  in  close  proximity  to  the  modules  wear  film 
badges.  The  surveys  in  general  reveal  very  low  levels  of  RF 
radiation  (l.e.,  microwatts)  and  X  radiation..  The  areas  around 
the  top  of  the  module  where  levels  of  X  radiation  greater  than 
10  mr/hr  are  encountered,  are  designated  as  radiation  hazard 
areas  and  are  posted  with  warning  signs.  All  work  in  these 
areas  must  be  performed  with  the  guidance  of  a  safety  repre¬ 
sentative  who  monitors  for  X  and  RF  radiation.  It  is  usually 
possible  to  tuT-n  off  a  specific  module  before  commencing  work 
so  that  the  danger  of  exposure  is  minimized. 

Inn  Collation  K 

The  main  use  of  radar  at  Installation  K  is  missive  track¬ 
ing  and  area  surveillance.  The  installation  is  composed  of  a 
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mlssile  launching  area  and  an  associated  military  base  located 
approximately  15  miles  apart.  There  are  six  remote  monitoring 
stations  located  on  islands  down  range  from  the  launching  site. 
There  are  also  four  radar  tracking  ships  located  in  the  down 
range  area. 

The  initial  sample  has  been  chosen  from  the  group  working 
in  the  missiLe  launching  area  and  the  military  base.  The  over¬ 
all  operation  of  this  installation  is  undertaken  by  a  civilian 
contractor.  The  sample  consists  of  civilians  working  for  the 
contractors  or  svb-contractors  and  also  a  >3 roup  of  military 
personnel  from  the  base. 

Safety  representatives  of  the  groups  concerned,  selected 
the  personnel  to  be  included  in  the  exposed  group.  The  selec¬ 
tion  was  made  on  the  basis  of  present  association  with  radar 
equipment.  This  group,  therefore,  represents  the  majority  of 
the  radar  workers  at  Installation  K. 

The  majority  of  the  radar  equipment  is  located  in  the 
launching  area  which  explains  the  larger  site  of  this  group 
with  respect  to  the  group  at  the  military  base.  In  general, 
the  exposure  histories  indicate  that  the  personnel  exposure 
at  the  launching  area  is  greater  than  at  the  military  base. 

This  is  due  to  the  fact  chat  the  missile  launching  group  is 
composed  mainly  of  civilians  with  more  radar  experience  than 


the  military  group. 
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Approximately  one  hundred  and  fifty  individuals  located 
on  the  down  range  islands  and  forty  shipboard  personnel  have 
not  been  included  in  the  present  study.  Of  this  group,  possi¬ 
bly  80%  or  more  arc  radar  personnel  with  present  and  past 
radar  experience. 

The  radar  equipment  located  in  the  launching  area  is  used 
primarily  for  search  and  tracking.  It  is  generally  high  pow¬ 
ered  long-range  radar  with  effective  radiated  powers  in  the 
kilowatt  and  megawatt  regions. 

The  radars  are  spread  out  over  a  large  area  and  are  not 
near  those  areas  where  the  majority  of  the  non-radar  per¬ 
sonnel  work,  thus  decreasing  the  probability  of  exposure  to 
these  individuals. 

The  radar  equipment  areas  are  fenced  off  for  security 
and  safety  reasons,  and  areas  of  radiation  levels  approaching 
10  mw/cm2  are  posted  with  warning  signs.  The  standard  rf 
hazard  sign  is  not  used  in  all  cases  to  designate  these  areas. 
Ionizing  radiation  hazard  signs  have  been  substituted  for  the 
rf  hazard  signs  in  some  locations. 

A  special  sub-contractor  group  has  been  formed  for  fre¬ 
quency  control  and  analysis  of  range  operations  at  the  missile 
launching  area.  This  group  undertakes  the  assessment  of  all 
rf  radiation  haza.ds  in  this  area. 

This  group  has  undertaken  an  analysis  of  rf  power  density 
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levels  at  the  site  In  relation  to  ordinance  devices,  biological 
effects,  and  fuel. 

In  regard  to  the  biological  effects  of  the  rf  sources  at 
the  missile  launching  area  and  the  military  base,  calculations 
and  measurements  were  made  to  delineate  possible  hazard  areas. 

The  distance  from  each  instrumentation  site  where  the  power 
density  equals  or  exceeds  10  mw/cm2  ha8  been  calculated  for 
the  level  present  in  the  main  beam  of  the  antenna.  In  many 
instances,  locations  closer  to  the  radiating  source  will  not 
be  subject  to  the  calculated  power  level  since  the  antenna 
cannot  irradiate  the  areas  in  question.  The  calculations, 
therefore,  include  this  additional  factor  and  allow  a  greater 

margin  of  safety. 

The  calculations  were  performed  by  using  the  method  speci¬ 
fied  in  T.O.  31-1-80  (2).  These  calculations  take  into  account 
the  reduced  gain  of  the  antenna  in  the  Fresnel  Region  and, 
therefore,  also  Include  a  safety  factor. 

The  calculated  levels  were  checked  by  a  survey  group  at 
some  of  the  radar  sets  by  means  of  a  power  meter  and  cali¬ 
brated  antennae.  In  all  cases,  the  measured  values  were 
found  to  be  less  than  the  theoretically  predicted  power  densi¬ 
ty  levels.  In  some  cases  where  the  formulas  indicated  the  exist 
*nce  of  a  hazard  distance,  actual  measurement  indicated  that  no 
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hazard  existed  at  any  distance  from  the  antenna. 

It  was  concluded  that,  in  order  to  avoid  unnecessary  risks, 
power  density  levels  which  were  suspected  or  observed  to  be 
equal  to  or  greater  than  10  mw/cm*  Bhould  be  considered  hazard¬ 
ous  areas.  Normal  access  to  these  areas  should  be  prevented 
by  warning  signs  and  personnel  should  be  admitted  to  these 
areaB  only  under  emergency  conditions,  and  even  then,  for  the 
minimum  porsible  duration. 

It  is  also  stated  that  where  test  procedures  required  free 
space  radiation,  the  radiating  device  should  be  orientated  in 
such  a  manner  as  to  avoid  directing  the  beam  toward  areas  inha¬ 
bited  by  the  public  or  personnel.  The  primary  beam  should  be 
directed  such  that  personnel  in  adjacent  areas  are  not  exposed 
to  the  main  beam  or  to  side  lobes  of  the  main  beam. 

Additional  surveys  have  been  performed  since  the  initial 
one  to  update  necessary  safety  procedures,  but  not  all  sites 
have  been  surveyed  at  the  present  time.  A  survey  of  all 
equipment  not  previously  checked  is  proposed  for  the  near 
future.  ThiB  will  provide  a  reference  for  the  control  of  rf 
biological  hazards  for  the  entire  installatior  . 

The  equipment  at  the  military  site  is  used  for  search  pur¬ 
poses,  communications,  and  to  a  limited  extent,  for  tracking. 
One  installation,  which  is  operated  solely  by  the  military,  is 
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uBed  exclusively  for  air  search  purposes  and  has  an  entirely  sepa¬ 
rate  mission  from  the  rest  of  the  Installation.  The  transmitting 
antenna  associated  with  this  equipment  is  housed  in  a  radome.  The 
power  density  levels  in  the  radome  are  considered  hazardous  and 
access  to  it  during  operation  1b  not  permitted.  Due  to  the  need 
for  continuous  operation  of  this  equipment,  there  are  Indications 
that  personnel  occassionally  enter  the  radome  during  operation 
for  a  short  period  of  time  (l.e.,  lesB  than  one  minute).  Ioniz¬ 
ing  radiation  surveys  have  been  performed  on  the  transmitter  and 
dosimeters  have  been  issued.  A  microwave  power  density  survey 
has  been  made  on  the  roof  of  the  control  building  and  hazard 
areas  have  been  designated. 

Overall  access  to  this  area  is  limited  to  those  indivi¬ 
duals  assigned  to  the  equipment. 

It  appears  that,  in  general,  exposures  to  microwave  radi¬ 
ation  at  this  site  and  the  launching  area  will  be  limited  to 
those  individuals  directly  involved  with  the  radar  equipment. 

Thir  is  not  necessarily  the  case  at  the  remote  tracking  stations 
and  on  board  ship. 

The  overall  safety  precautions,  and  the  awa.eness  of  the 
radar  personnel  to  the  exposure  problem,  appear  adequate  enough 
to  preclude  the  occurrence  of  overexposure  to  microwave  radia¬ 
tion  at  Installation  K  during  routine  operations. 
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lnBtallatlon  L 

The  sample  location  designated  as  Installation  L  Is  a  U.S. 

Navy  vessel  which  is  equipped  with  a  number  of  high  powered  navi¬ 
gation,  fire  control,  and  search  radar  systems.  The  shipboard 
personnel  includes  an  electronics  group  which  operates  and  main¬ 
tains  the  shipboard  radar  equipment.  There  are  approximately 
fifty  men  in  this  group  who  are  directly  involved  in  radar  work. 

The  sample  of  radar  workers  was  chosen  on  the  basis  of  the 
data  obtained  from  the  microwave  history  questionnaires,  but  there 
were  certain  limitations  Imposed  on  the  Bample  selection  Bince 
approximately  one-half  of  the  radar  groups  was  on  shore  leave  at 
the  time  of  the  examination.  The  majority  of  the  radar  qroup  on 
duty  at  the  time  were  examined.  This  grouR  which  consisted  of 
twenty-six  Individual*  was  approximately  age  matched  with  a  con¬ 
trol  group  of  twenty -seven  non-radar  shipboard  personnel. 

The  proximity  of  the  radar  equipment  to  all  of  the  members 
of  the  ship's  cxew  had  the  effect  of  complicating  the  selection 
of  a  non-exposed  control  group.  It  was  decided  to  select  the 
control  (whenever  possible)  from  those  personnel  whose  duty  sta¬ 
tions  normally  kept  them  below  decks  during  operation  of  the  high 
powered  radar  equipment.  Although  this  procedure  was  followed 
in  selecting  the  control  group,  it  is  not  certain  that  all  of  the 
controls  had  not  been  exposed  to  some  degree  of  microwave  radiation 
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The  majority  of  the  radar  equipment  is  located  above  deck 
level  in  the  ship's  superstructure.  The  higher  powered  equip 
ment  includes  three  sets  generating  greater  than  500  kw  peak  power 
and  one  other  set  generating  greater  than  200  kw  of  rf  power.  The 
antennas  are  located  some  forty  feet  above  deck  level  and  are  pro¬ 
vided  with  cut  off  switches  to  prevent  irradiation  of  personnel 
in  other  deck  areas.  The  rf  power  densities  in  certain  parts  of 
the  upper  superstructure  have  been  found  by  measurement,  to  ex¬ 
ceed  10  mw/cm2.  Personnel  are  normally  excluded  from  these  areas 
during  operation  of  the  radar  generators. 

Measurements  of  po-er  density  are  performed  by  a  special 
group  of  naval  personnel  who  make  intermittent  surveys  when  re¬ 
quested  or  when  excessive  levels  are  suspected.  No  surveying  is 
performed  by  shipboard  personnel  on  a  routine  basis. 

Installation  M 

The  primary  activities  relating  to  microwave  radiation  work 
at  Installation  M  are  research  and  development,  and  training  of 
personnel  in  the  operation  and  maintenance  of  military  surface 
search  radar  and  microwave  communications  equipment.  This  instal¬ 
lation  is  operated  by  the  military. 

The  sample  of  sixty-four  microwave  workors  examined  represents 
approximately  4096  of  the  total  complement  of  microwave  workers  at 
this  site.  The  group  was  composed  of  twenty-one  research  and 
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development  personnel,  and  forty-four  personnel  from  the  training 
division.  A  control  group  of  approximately  the  same  size  was 
selected  for  the  two  microwave  workers*  groups.  The  control 
group  contained  fifty-five  non-radar  workers. 

The  radar  equipment  used  by  the  training  group  is  generally 
of  moderate  to  low  power  (l.e.,<100  watts  average  power  output). 

The  equipment  which  is  located  in  close  proximity  to  or  Inside 
the  teaching  areas,  is  noL  operated  on  a  continuous  basis. 

The  nature  of  the  research  and  development  work  at  Installation 
M  precludes  the  release  of  information  related  to  most  of  the 
equipment  specifications.  One  long  range  radar  set  was  in  opera¬ 
tion  at  the  time  of  the  survey.  This  equipment,  although  of  high 
power  (i.e.,>10  kw)  had  been  completely  surveyed  for  r.f.  power 
density  without  the  detection  of  any  significant  levels. 
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MICROWAVE  SAFETY  PROCEDURES 

The  opportunity  has  been  afforded  to  observe  the  microwave 
safety  programs  In  effect  at  the  varlouB  Installations  visited 
during  the  course  of  this  study.  As  a  result,  it  has  been  possi¬ 
ble  to  make  some  general  observations  relating  to  these  programs. 

No  attempt  has  been  made  to  make  specific  recommendations  relat¬ 
ing  to  the  microwave  safety  program  at  any  one  installation. 

In  general,  the  type  of  program  at  a  given  Installation  varies 
according  to  the  function  and  amount  of  eq.ipment  and  also  to  a 
certain  extent  upon  the  type  of  personnel  responsible  for  micro- 
wave  safety.  Individuals  engaged  in  general  safety  or  industrial 
hygiene  work  are  often  not  intimately  connected  with  radar  opera¬ 
tions  and  frequently  are  concerned  with  a  radar  hazard  when  it 
is  drawn  to  their  attention  by  the  individuals  who  work  with  the 
radar.  Satisfactory  safety  programs  in  this  event  depend  upon 
close  cooperation  between  these  groups.  It,  therefore,  appears 
desirable  to  have  an  individual  (or  group  of  individuals)  on  a 
supervisory  level,  whose  concern  and  awareness  of  possible  micro- 
wave  radiation  hazards  will  result  in  proper  cooperation  between 
technical  and  safety  personnel. 

A  procedure  which  appears  to  afford  a  good  opportunity  for 
the  cooperation  of  safety  and  technical  personnel  would  consist  of 
a  two  step  check  on  all  radai  operations  at  a  given  Installation. 


-29- 


The  initial  analysis  of  the  possible  hazards  associated  with  a 
given  radar  set  could  be  made  by  the  engineer  directly  in  charge 
of  the  development  and/or  operation  of  the  radar  set,  at  the 
request  of  his  supervisor.  This  analysis  could  be  a  theoretical 
analysis  based  on  the  known  or  expected  generating  characteristics 
of  the  equipment.  The  results  of  thlB  analysis,  which  would 
serve  aB  an  indication  of  the  possible  degree  of  hazard  assocl 
ated  with  the  set,  would  then  serve  *b  a  reference  for  the  tafety 
supervisor.  If  so  Indicated  by  this  Initial  analysis,  safety  pro¬ 
cedures  could  immediately  be  decided  upon  and  further  analyses 
of  the  actual  magnitude  of  the  hazard  could  then  be  undertaken 
by  safety  personnel.  This  analysis  would  consist  of  a  power 
density  survey  and  the  specification  of  controlled  access  or  ex¬ 
clusion  areas,  properly  designated  as  microwave  radiation  hazard 
zones.  Consideration  would  also  have  to  be  given  to  the  existence 
of  X  radiation  in  the  vicinity  of  the  r-f  generating  tubes. 

In  a  number  of  instances  noted  during  this  study,  it  appeared 
that  the  lack  of  adequate  exchange  of  information  between  safety 
and  technical  personnel  may  have  resulted  in  undesirable  condi¬ 
tions.  This  was  particularly  true  in  the  cases  where  radar  setB 
were  operated  in  areas  which  were  remote  from  the  main  installa¬ 
tion.  The  operating  personnel  at  these  remote  locations,  not 
being  directly  under  safety  supervision,  may  have  had  a  greater 
tendency  to  overlook  the  microwave  safety  regulations.  In  some 
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instanooa j  ag»m  due  to  the  remoteness  of  the  locations,  the 
safety  procedures  were  not  well  defined.  Therefore,  it  appears 
that  responsibility  for  microwave  safety  should  directly  involve 
the  technical  supervisor  at  the  remote  site  as  well  as  the  insttl- 
lation's  microwave  eafety  group. 

The  techniques  and  instruments  used  to  determine  microwave 
radiation  power  density  levels  at  the  Installations  visited  were 
found  to  vary  appreciably.  There  docs  not  appear  to  be  any  gen¬ 
eral  agreement  among  individuals  engaged  1"  microwave  eafeLy  as 
to  the  reliability  or  accuracy  of  the  various  commercially  availa¬ 
ble  power  density  measuring  devices.  Tn  certain  instances,  it 
has  been  found  necessary  to  design  microwave  survey  instruments 
to  be  used  with  a  specific  type  of  radar  generator.  Although 
this  procedure  may  appear  to  be  an  expensive  approach,  it  may  be 
necessary  under  certain  circumstances  where  accurate  and  reliable 
measurements  are  required. 

The  most  striking  lack  of  non -uniformity  noticed  amonq  the 
safety  procedures  at  the  various  installations  visited  during 
this  survey  was  the  designation  of  microwave  radiation  hazard  areas. 
Warning  lights,  buzzers,  bells,  and  signs  of  var_ous  types  were 
used  to  designate  microwave  hazard  areas  at  these  installations. 

The  fact  that  different  methods  were  used  to  draw  attention  to  the 
exclusion  areas  does  not  appear  to  be  as  important  au  the  lack  of 
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uniformity  in  regard  to  the  marking  of  the  radar  hazard  zones 
which  could  lead  to  much  — 'fusion  among  individuals,  such  as 
maintenance  personnel,  who  are  not  familiar  with  radar  operations. 
In  some  cates,  ionizing  radiation  warning  signs  or  high  voltage 
signs  were  used  to  delineate  microwave  radiation  areas. 

This  lack  of  uniformity  of  designation  of  microwave  hazard 
zones  can  most  likely  be  attributed  to  a  lack  of  information  con¬ 
cerning  the  existence  of  a  standard  radio-frequency  hazard  sign. 
The  standard  warning  slqn,  which  is  shown  in  Figure  1-1.  la 
worded  "Danger  RF  Radiation  Hazard."  The  lettering  Is  in  bright 
red  and  the  background,  a  vivid  yellow.  In  order  to  avoid  confu¬ 
sion,  it  is  recommended  that  this  sign  be  used  exclusively  to 
designate  microwave  radiation  hazard  areas. 

The  general  conclusion  based  on  survey  of  microwave  safety 
procedures  is  that  the  programs  are  adequate  to  prevent  overexpo¬ 
sure  to  rf  radiation  under  routine  conditions. 


II 

METHOD  OF  OPHTHALMO LOGICAL  EXAMINATION 

The  ophthalmo logical  examination  included  history,  visual 
acuity,  slit-lamp  examination  of  the  lens  and  stereo-photography 
of  the  lens.  In  addition,  other  ophthalmo log leal  procedures 
such  as  tonometry,  ophthalmoscopy  and  outline  perimetry  were 
performed  when  indicated. 

Part  I  Ophthalmo loo leal  History 

The  ophthalmo log leal  history  was  oriented  towards  gather¬ 
ing  information  relating  to  hereditary  predisposition  toward 
catarrct  formation  and  in  order  to  elicit  past  history  of 
pathological  conditions  predisposing  the  patient  to  secondary 
cataracts. 

Part  II  Visual  Acuity 

The  visual  acuity  was  recorded  without  eyeglasses  and  with 
eyeglasses  where  worn  in  order  to  determine  any  loss  of  vision 
due  to  cataracts.  Whenever  corrected  vision  was  less  than 
20/20,  ophthalmoscopy  was  performed  to  determine  etiology. 

Part  III  Sllt-Lamo  Examination 

Slit-lamp  examination  was  performed  and  the  results  were 
scored  and  recorded  in  accordance  with  the  protocc'  established 
to  evaluate  the  sub-clinical  microscopic  lens  defects  as  noted 
by  the  Rome  Eye  Study  Group.  Five  categories  of  slit-lamp 
observation  were  defined.  Minute  defects,  opacification  and 
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relucency  describe  the  microscopic  appearance  of  lint  LuLel  lens 
volume.  Sutural  defects  and  posterior  polar  defects  describe 
specific  regions  of  the  lane. 

1.  Minute  defocLe-  This  category  Included  all  defects 
such  as  granules,  vacuoles  and  tiny  opacities  which  are  ordin¬ 
arily  too  small  to  be  individually  catalogued. 

2.  Opacification-  Beforo  becoming  clinically  oatarac- 
tous,  the  lena  undergoes  changes  In  that  either  an  irregularly 
diffuse  cloudiness  develops  or  discrete  regions  of  the  lens, 
bordering  macroscopic  dimensions,  become  markedly  opacified 
such  as  occurs  when  increased  radial  markings  verge  on  spoking. 

3.  Relucencv-  Optical  luminosity  occurs  when  the  beam 
of  light  from  the  slit-lamp  traverses  the  lens  and  the  various 
regions  such  ae  the  cortex  to  adult  nucleus  to  fetal  nucleus 
to  adult  nucleus  to  cortex  may  be  distinguished  from  one  ano¬ 
ther  by  the  differing  degrees  of  haziness  and  the  light  re¬ 
flexes  created  by  the  light  beam. 

4.  Sutural  defects-  The  sutures  of  the  human  lens  can 
usually  be  observed  by  slit-lamp  examinations.  As  this  region 
of  the  lens  is  prominently  involved  in  experiment  1  microwave 
cataracts  produced  in  certain  laboratory  animals,  it  was  msnda- 
tory  to  specifically  include  this  region  of  the  lens  as  a  cate¬ 
gory  for  investigation.  Thickening,  banding  and  strlatlone  of 
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the  lens  fibers  of  this  region  were  noted  as  sutural  defects. 

5.  Posterior  polar  defectB-  The  posterior  subcapsular 
cortex,  especially  In  the  polar  region.  Is  a  frequent  site  and 
apparently  a  sensitive  region  in  the  lenB  for  early  changes  to 
occur  regardless  of  the  type  of  Injury  to  the  lens.  Moreover, 
in  some  cases  of  Ionizing  radiation  Injury,  it  is  pathognomonic 
for  a  doughnut-shaped  subcapsular  defect  to  appear  and  progress 
to  the  stage  of  polar,  subcapsular  cataract. 

hacn  ot  these  categories  of  slit-lamp  examination  were 
graded  on  a  relative  scale  similar  to  the  method  employed  in 
using  the  s. it -lamp  to  evaluate  the  degree  of  flare  or  number 
of  cells  in  the  anterior  chamber  in  the  following  manners  0 
for  insignificant  numbers  of  degree,  1  for  small  numbers  or 
minor  degree,  2  for  moderate  numbers  or  degree,  3  for  large 
numbers  or  major  degree  short  of  clinically  recognized  cataract. 
Part  IV  Stereo-photography. 

Stereo-photography  of  every  lens  by  means  of  the  Donaldson 
camera  was  performed  as  part  of  the  routine  examination.  By 
this  procedure.  It  was  frequently  possible  to  document  macro¬ 
scopic  changes  in  the  lens  providing  the  plane  of  the  lens  to 
be  photographed  was  precisely  in  the  freal  plane  of  the  camera. 
The  focal  plane  of  the  camera  was  determined  by  the  examiner 
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vertically  aligning  two  verging  target  lights  in  the  plane  of 
the  patient's  lens  that  wtB  to  be  photographed.  This  was  accom¬ 
plished  by  having  the  patient's  head  fixed  in  a  chin-forehead 
rest .  He  was  then  instructed  to  stare  directly  ahead  and  to 
Keep  his  palpebral  fissure  open.  At  this  time,  the  camera  oper¬ 
ator,  while  viewing  the  target  lights  as  they  entered  the  patient's 
eye,  adjusted  the  camera  by  first  visually  lining  up  the  axle  of 
the  camera  to  the  axis  of  the  eye  by  moving  the  pedestal  hold¬ 
ing  the  camera  to  approximately  the  proper  place.  Next,  the 
photographer  had  to  adjust  the  height  of  the  camera  so  that  the 
target  lights  were  approximately  on  a  level  with  the  axis  of  the 
lens.  Following  this,  an  adjustment  was  made  in  the  horizontal 
meridian  to  align  the  camera,  with  the  axis  of  the  eye.  Finally, 
the  target  lights  were  brought  into  adjustment  for  the  proper 
ante ro -poster lor  plane  of  the  lens  and  at  this  instant,  the 
photographer  tripped  the  shutter. 


j 
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ESTIMATION  OF  EXPOSURE  HISTORIES  OF  MICROWAVE  PERSONNEL 

The  questionnaire  which  has  been  described  previously  (3) 
was  used  throughout  the  course  of  the  study  to  reconstruct  the 
exposure  histories  of  microwave  workers.  It  was  Intended  to 
separate  exposed  from  controls  and  also  to  facilitate  the  group¬ 
ing  of  exposed  personnel  into  several  classes  according  to  the 
relative  severity  of  exposure  to  microwave  radiation. 

The  questionnaire,  which  consists  of  seven  parts,  is  included 
as  Appendix  III-A. 

Part  I 

Part  I  is  an  employment  record.  This  section  attempts  to 
obtain  a  complete  account  of  employment  in  mlcrowcve.  work  and 
the  duration  of  employment  at  each  specific  Job.  The  types  of 
work  are  divided  into  five  categories  and  the  examinee  indicates 
the  number  of  months  spent  working  In  each  category.  The  total 
duration  of  microwave  work  as  well  as  the  duration  of  work  in 
each  category  of  employment  are  recorded. 

Part  II 

Part  II  attempts  to  determine  the  existence  and  location  of 
film  badge  records  of  ionizing  radiation  exposure  *'>  the  examinee. 
Part  III 

Part  III  is  included  to  take  into  account  the  possibility  of 
X-ray  exposure  from  high  voltage  microwave  generating  tubes.  It 
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la  requested  that  the  examinee  Indicate  any  work  experience  in¬ 
volving  high  voltage  generating  tubes  from  which  X-ray  shielding 
had  been  removed.  An  indication  of  the  time  periods  involved 
and  transmitter  tube  voltages  is  requested  to  give  a  general 
idea  of  the  magnitude  of  the  oossible  exposure  to  ionizing  radi¬ 
ation. 

Part  IV 

In  Part  IV,  detailed  Information  regarding  the  principal 
types  ot  microwave  generating  equipment  witl»  which  the  examinee 
has  worked  is  requested.  The  following  information  concerning 
the  parameters  of  microwave  exposure  is  requested t 


a. 

type  of  equipment 

b. 

average  power  generated 

c. 

operating  frequency  or  frequency  band 

d. 

duration 

e. 

date  of  first  exposure 

f. 

mode  of  power  termination 

g. 

distance  from  equipment 

h. 

typo  of  work 

Part  V 

Part  V  regards  the  practice  of  looking  into  energized  micro 
wave  waveguides.  Since  this  practice  may  result  in  direct  expo 
sure  of  the  lens  to  microwave  radiation,  it  is  considered  of 
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Importanci  in  this  survey.  The  frequency  of  thie  practice  as 
well  as  the  average  power  being  generated  and  the  method  of 
viewing  the  waveguide  is  recorded. 

Part  VI 

Part  VI  is  a  record  of  the  number  of  times  the  examinee 
has  physically  sensed  exposure  to  microwave  radiation  from 
the  waveguide  or  transmission  line.  The  average  power  and 
frequency  of  the  source  of  radiation  is  requested. 

Part  VII 

Part  VII  refers  specifically  to  3xposure  to  rf  radiation 
from  the  antennas  of  microwave  generators.  Information  re¬ 
garding  duration  of  work  at  different  positions  around  the 
radiating  antenna,  as  well  as  power  and  frequency  specifica¬ 
tion  are  requested.  A  question  Is  also  Included  to  determine 
the  frequency  of  experiencing  heating  sensations  as  a  result 
of  antenna  irradiation. 

In  addition  to  recording  exposure  histories,  the  question¬ 
naire  has  been  used  to  assign  a  serai-quantitative  exposure 
index  to  each  examinee  for  purposes  of  dividing  the  exposed 
subject  into  two  or  more  classes  according  to  the  •  jverity  of 
their  exposures.  The  scoring  system  is  shown  in  Table  3-1. 

The  exposure  index  assigned  to  each  employee  is  obtained  by 
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taking  the  product  of  items  1  x  2  x  »  x  4  and  adding  this  to 
the  product  of  5  x  6  x  7.  With  this  system,  it  is  possible 
to  attain  a  maximum  score  of  81. 

As  a  fault  of  experience  with  the  questionnaire  and  the 
exposure  index,  it  is  now  possible  to  critically  evaluate 
its  effectiveness  for  the  gathering  and  categorization  of  micro¬ 
wave  exposure  histories. 

Questionnaire  Evaluation 

The  main  difficulty  encountered  in  the  use  of  the  question¬ 
naire  to  the  inherent  difficulties  in  an  attempt  to  obtain 
information  of  the  type  sought.  In  many  instances,  the  employee 
was  not  able  to  supply  det»<’ed  information  regarding  his  work 
experiences  either  because  of  a  lack  of  knowledge,  security 
restrictions,  or  inability  to  rememoer.  This  was  particularly 
true  of  nonprofessionals  such  as  technicians  and  operators. 

Some  inconsistencies  were  noted  in  the  answers  to  certain 
related  questions.  In  certain  cases,  ambiguous  wording  in 
the  questionnaire  led  to  confusion  and  errors  in  the  answers 
to  some  of  the  questions.  A  list  of  explanatory  remarks  which 
has  been  usad  to  clarify  the  questionnaire  is  shown  in  Appendix 
III-B. 

It  became  apparent  after  using  the  questionnaires  that  in 
most  instances,  extensive  personnel  interviews  would  be  required 
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to  get  accurate  and  complete  Information.  In  many  cases,  inter¬ 
views  were  conducted  in  order  to  supplement  the  information 
obtained  by  use  of  the  questionnaire. 

The  data  from  the  completed  microwave  history  questionnaire, 
as  well  as  from  the  separate  eye  scoring  form,  were  transferred 
to  a  master  code  sheet.  The  details  of  the  coding  system  used 
are  given  in  Appendix  III-C.  In  the  coding  process,  it  was  not 
possible  to  transfer  all  of  the  information  from  the  history 
questionnaire.  In  certain  cases,  therefore,  the  information 
from  the  questionnaire  was  categorized  and  then  coded. 

The  information  was  then  transferred  from  the  code  sheets 
to  IBM  cards  to  facilitate  subsequent  statistical  analysis 


by  means  of  a  computer. 


IV 


STATISTICAL  ANALYSIS  OF  THE 

RELATION!. HIP  BETWEEN  EYE  SCORE,  AGE,  AND  ENVIRONMENTAL  FACTORS 

1.  Sample  Analysis 

A.  Age  .requenyy  P*9U tbuUSD- 

The  age  frequency  distributions  of  the  microwave  workers’ 
group  and  the  control  group  are  important  because  they  are  one 
means  of  Judging  the  similarity  of  the  two  sample  groups.  Ide¬ 
ally,  for  a  study  of  this  type,  an  exact  man-for-man  age  match 
of  exposed  to  controls  would  be  desired.  This  type  of  age 
matching  would  eliminate  the  element  of  bias  due  to  differences 
in  age  frequency  distributions.  Unfortunately,  due  to  sampling 
restrictions  attributed  to  the  difficulty  of  obtaining  ade¬ 
quate  controls,  It  wbb  not  possible  to  age  match  on  a  man-to¬ 
man  basis.  This  resulted  In  the  selection  of  a  control  group 
which  is  approximately  14%  smaller  than  the  microwave  workers’ 
group  and,  in  spite  of  the  generally  good  agreement  between 
mean  ages  of  the  two  groups  (l.e.,  X  exposed  =  32.76,  X  con¬ 
trols  ■  33.20),  there  are  differences  In  the  age  frequency  dis¬ 
tributions  . 

The  age  frequency  distributions  of  the  exposed  (microwave 
workers)  group  and  the  control  group  are  given  in  Table  4-1 
and  the  relative  frequency  histogram  of  the  age  distributions 


Is  shown  In  Figure  4-1. 
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A  comparison  of  the  shapes  of  the  relative  frequency  histo¬ 
grams  reveals  that  these  distributions  are  not  as  similar  as 
would  be  desired.  There  is  a  noticeable  peak  in  the  exposed 
group  distribution  in  the  age  range  of  26  to  30  years  which  la 
absent  in  the  control  group.  There  is  also  a  noticeable  dif¬ 
ference  in  the  distributions  in  the  age  range  41-45  years  of 
such  a  nature  that  proport lonatly  .  more  controls  fall  into 
this  age  group  than  exposed  (l.e.,  11.5%  vs.  8.2%).  The  effect 
of  these  dissimilarities  can  be  overcome  to  a  certain  extent 
if  the  statistical  analysis  is  age  adjusted  but  in  the  event 
that  there  is  no  age  adjustment,  the  results  may  be  affected. 
This  age  effect  will  be  further  discussed  in  section  IV-3-P 
where  its  Influence  in  the  Chi-square  analysis  of  the  indivi¬ 
dual  eye  score  categories  is  considered. 

B.  Eve  Score  Frequency  Distribution 

The  relative  frequency  distributions  of  the  eye  scores 
for  the  two  groups  are  presented  in  Table  4-2  and  shown  in 
Figures  4-2a  and  4-2b.  In  both  exposed  and  control  groups, 
the  rolativa  frequency  histogram  indicates  a  bl-modal  distri¬ 
bution  of  eye  scores  with  peaks  at  score  4  and  8  for  the  ex¬ 
posed  and  4  and  7  for  the  controls.  A  minimum  exists  between 
these  peaks  at  a  score  oC  six  in  both  instances.  This  bl-modal 
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distribution  Indicates  that  one  or  more  of  the  individuai  eye 
score  categories  is  distributed  differently  from  the  others. 

This  possibility  iu  supported  by  the  distributions  shown  in 
Figures  4-6  4-10.  Analysis  of  the  individual  categories 

reveals  that  the  distribution  of  posterior  polar  defects  dif¬ 
fers  appreciably  from  the  other  categories  in  that  the  maximum 
relative  frequencies  are  found  at  a  score  of  zero.  This,  there¬ 
fore,  appears  to  explain  the  shape  of  the  relative  frequency 
histogram  since  the  increased  frequency  of  zeros  in  the  poster¬ 
ior  polar  defects  category  has  the  effect  of  super-imposing  a 
peak  at  score  four  on  the  total  relative  frequency  eye  score 
histogram. 

C.  exposure  Score  and  Duration  of  Microwave  Work  Frequency 
Distributions 

The  relative  frequency  distributions  of  exposure  score  and 
duration  of  microwave  work  are  given  in  Table  4-3  and  4-4  znd 
are  shown  in  Figures  4-3  and  4-4. 

The  relative  frequency  distributions  of  exposure  score  and 
duration  of  microwave  work,  with  the  exception  of  category  one, 
are  generally  similar  in  shape  as  would  be  expected  since  they 
should  be  correlated.  The  difference  in  category  on  is  most 
likely  attributable  to  the  exclusion  of  a  number  of  individuals 
from  the  analysis  whose  exposure  score  was  less  than  or  equal 
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to  three.  The  exclusion  from  the  sample  was  based  on  the  incom¬ 
pleteness  of  the  exposure  Information  for  those  individuals. 

The  median  duration  of  microwave  exposure  for  the  sample 
is  approximately  three  and  one-half  years.  Thirty-seven  per 
cent  of  the  sample  has  worked  three  years  or  less  in  microwave 
employment  and  the  greatest  relative  frequency  occurs  in  the 
0-19  month  category.  In  effect,  therefore,  a  significant  frac¬ 
tion  of  the  sample  of  microwave  workers  consists  of  individuals 
who  might  not  be  expected  to  be  truly  representative  of  the 
population  of  chronically  exposed  microwave  workers  due  to  the 
short  duration  of  microwave  employment  and  the  general  aware¬ 
ness  of  microwave  hazards  during  their  employment.  Since  an 
estimate  of  the  average  duration  of  microwave  work  in  the  total 
microwave  worker  population  is  not  available,  it  is  not  possi¬ 
ble  at  this  time  to  determine  how  representative  this  sample  is, 
but  it  does  not  seem  that  the  results  obtained  from  the  study 
of  this  sample  would  overestimate  the  difference  in  the  frequency 
of  minor  lens  defects  oxlsting  in  the  total  population  of  micro- 
wave  workers  as  compared  to  non-microwave  workers, 
o.  Job  Classification  Distribution 

The  frequency  distribution  of  type-  of  microwave  work  is 
given  in  Table  4-5.  The  three  main  Job  classifications  encountered 
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ln  this  survey  are  (1)  operation  of  microwave  equipment  plus 
lnatallatlon  malntonace  and  teat  3'*%,  (2)  Installation  and 
maintenance  29*,  and  (3)  research  and  development  12*. 

Since  thtae  three  categories  of  employment  Include  the 
main  typeo  of  microwave  work  whxch  could  be  expected  to  re¬ 
sult  in  microwave  radiation  exposure,  it  appears  that  the 
sample  Is  well  balanced  in  regard  to  the  types  of  workers 
examined . 

It  Is  not  possible  to  state  that  this  frequency  distri¬ 
bution  Is  representative  of  the  general  microwave  population 
since  the  overall  Job  category  frequency  distribution  for  the 
total  microwave  population  Is  not  presently  available. 

The  fact  that  an  individual  did  or  did  not  wear  a 
film  badge  Is  not  necessarily  an  Indication  of  whether  he 
was  exposed  to  Ionizing  radiation.  It  Is  well  known  that  some 
microwave  workers  have  worked  near  inadequately  shielded  gen- 
eratino  tubes  without  their  having  been  provided  with  film 
badges.  It  Is  also  well  known  that  conservative  managements 
provide  film  bad'  es  In  many  Instances  where  minimal  or  no 
possibility  of  X-ray  exposure  exists. 

Of  the  total  sample,  about  17*  indicated  that  they  had 
worn  film  badges  at  one  time  or  another.  A  total  of  43*  had 
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hl a tor lea  which  suggested  the  possibility  of  some  exposure  to 
Ionizing  radiation. 

2.  Statistical  Analysis  of  Microwave  Lens  data 
A.  Summary  of  Total  Lons  Score  Dj&a 

The  data  obtained  from  the  examination  of  the  lenses 
of  a  total  group  of  736  microwave  workers  and  559  controls 
has  been  subjected  to  llnoar  regression  analysis.  ThlB  analy¬ 
sis  reveals  that  the  regression  of  eye  score  on  age  differs 
significantly  for  the  two  groups.  At  all  -ges  considered  in 
thii  study,  the  exposed  group  had  the  higher  mean  total  eye 
score.  It  was  also  found  that  the  rats  of  Increase  of  these 
minor  lens  defects  was  significantly  greater  In  the  exposed 
group,  thereby  resulting  In  Increasing  differences  In  mean 
aye  score  with  Increasing  age  (see  rigure  4-5). 

B.  Statistical  Analyst. 

The  linear  model  selected  for  the  analysis  of  the 
exposed  and  control  groups  Is: 

Expected  value  of  Y  ■  n  ■  0O  +  Pi<x-x) 

Estimated  value  of  u.  *  $  ■  bQ  +  b^(X-X)  where, 

Y  ■  eye  score 


X  -  age 
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=  regression  coefficients,  and  bQ,  b^  are  their 

"least  squares"  estimates. 

1)  Exposed  Group 

£  -  0.6376  +  0.18UX 
e  e 


and 


s  =  standard  error  of  the  estimate  ($„) 
(Xe-Xe)2 


=  ±s 


1 

Ne  + 


2  *» 


SXXe 

=  ^0. 06389  (at  Xe  =  Xe 


32.765  yrs . ) 


2)  Control  Group 

Y  -  0.9670  +  0.1584  X 
c 


and 


(Xc-Xc)2 

sxxc 


»  ±0.0745  (at  Xc  =  Xc  =  33.2075  yrs.) 


A  plot  of  these  equations  is  shown  in  Figure  4-5.  The  age 
range  of  the  plot  has  been  restricted  to  the  age  range  of  the 
individuals  Included  in  the  study  (i.e.,  20  to  60  years)  and 
these  relations  apply  to  this  range  only. 

A  test  was  performed  to  determine  the  statistical  signifi¬ 
cance  of  the  difference  in  regression  coefficients  (i.e.,  P^s) 
and  it  was  determined  that  these  coefficients  are  different  for 
the  exposed  and  control  groups  at  a  level  of  significance  of 
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2.5%  (i.e.,  P < 0.025 ) .  (See  Appendix  IV-A). 

This  difference  in  regression  coefficients  has  the  effect 
of  increasing  the  difference  in  exposed  and  control  groups  with 
increased  age.  At  twenty  years  of  age,  which  is  approximately 
the  age  at  which  an  individual  commences  work  in  the  microwave 
field,  there  is  little  if  any  difference  in  the  mean  eye  score 
between  exposed  and  controls,  *:  1  with  progressive  exposure  to 
microwave  radiation,  this  difference  tends  to  increase. 

In  order  to  determine  the  statistical  validity  of  the  dif¬ 
ference  in  mean  eye  scores  between  the  two  groupe,  a  specific 
age  was  selected  and  the  hypothesis  that  there  wan  no  signifi¬ 
cance  to  the  difference  in  the  eye  score  at  that  age  was  then 
tested.  This  hypothesis  was  rejected  at  a  .05%  level  of  sig¬ 
nificance  (P< .0005)  when  tested  at  the  mean  age  of  the  two 
groups.  (See  Appendix  IV-B).  This  implies  that  a  statisti¬ 
cally  highly  significant  difference  in  mean  eye  scores  was 
detected  in  this  study. 

2.  Analysis  of  the  Data  from  the  Group  Examined  After  October, 

1961  (I.e.,  Since  the  Last  Report) 

The  data  from  the  group  examined  since  the  last  progress 
report  (i.e.,  October,  1961)  was  analyzed  in  the  snme  manner 
aefte  total  group.  The  following  results  were  obtained! 


1)  Exposed  Group 

Y  *  0.0890  0 . 1606X 

e  e 

and 

A 

a  =  standard  error  of  the  estimate  (Ye) 

.^[i  +  ae&lTp 

p  LNe  SXXe  J 

-  *0.09130  (at  Xe  ■  Xe  =  31.5096) 

2)  Control  Group 

$c  =  0.9753  +  0.1323XC 

and 

s  =  -0. 1054  (at  Xc  =  Xc  =  34.3163) 

These  equations  were  plotted  as  shown  in  Figure  4-5-b  and 
it  is  noted  that,  due  to  the  greater  value  for  the  regression 
coefficient  for  the  exposed  group,  and  the  slightly  lower  mean 
eye  score  at  the  lower  ages,  these  two  graphs  Intersect  with 
the  exposed  group  showing  the  greater  mean  eye  score  at  greater 
age  values. 

The  difference  in  the  values  of  the  regression  coefficients 
(i.e..  Pi's)  was  subjected  to  a  statistical  test  and  it  was 
found  that  the  difference  calculated  for  these  groups  was  sig¬ 
nificant  (P<0.05).  (See  Appendix  IV-C). 

The  difference  in  mean  eye  score  for  the  two  groups  was 
also  tested  at  two  ages.  It  was  found  that  the  difference  in 


mean  eye  score  for  the  two  groups  at  the  overall  mean  age  of 
X  -  32.7133  was  not  significant  but  the  difference  at  X  =  60 
years  was  found  to  be  significant  (P<0.05).  (See  Appendix  IV-D) 
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4.  Individual  Eye  Score  Category  Frequency  Dliitributlons 

The  total  eye  score  has  been  broken  Into  its  five  components 
and  the  frequency  distributions  of  each  have  been  determined  as 
shown  in  Table  4-7.  There  are  some  noticeable  differences  in 
the  distributions  of  some  of  the  classes  of  lens  defects,  which 
may  be  an  indication  that  Borne  of  these  categories  of  lenticular 
Imperfections  are  associated  with  microwave  exposure. 

Because  of  the  limitations  of  the  scoring  system,  for  the 
individual  categories,  (i.e.,  only  four  possible  scores:  0,1, 

2,3)  a  rigorous  statistical  analysis,  of  the  type  used  above, 
would  not  be  too  meaningful  in  the  determination  of  the  signi¬ 
ficance  of  these  differences  in  individual  category  scores. 

The  data  was  therefore  subjected  to  a  chi-square  analysis 
in  which  the  significance  of  differences  in  the  distribution 
of  exposed  and  control  group  scores  in  each  category  are  de¬ 
termined.  The  chi-square  values  for  the  five  lens  categories 
are  shown  in  Table  4-8. 

A.  Minute  Defects 

The  mean  minute  defects  score  for  the  exposed  group  is 
slightly  greater  than  for  the  control  group  (i.e.,  mean  score  ex¬ 
posed  group  a  1.666;  mean  score  control  =  1.618).  The  chi- 
value  is  2.620  with  3  degrees  of  freedom.  This  value 


square 
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1b  not  significant  at  the  5%  level  (P>.05),  and  the  » light  dif¬ 
ference  In  minute  defects  between  the  exposed  and  control  groups 
is  shown  to  lack  statistical  significance. 

The  mean  opacification  scores  for  the  exposed  and  con¬ 
trol  groups  are  1.58  and  1.47,  respectively.  The  chi-square 
value  is  10.2  which  indicates  that  there  is  a  difference  in  the 
distribution  of  opacification  scores  which  is  significant  at 
the  2.596  level  (P<.025).  Since  the  exposed  group  haB  the 
greater  mean  opacification  score,  this  difference  may  possibly 
be  related  to  the  specific  effects  of  microwave  radiation  on 
opacification  changes  in  the  lens. 

C.  Rglys.gnS' 

The  mean  relucency  score  for  the  exposed  group  is 
1.56  compared  to  1.54  for  the  control  group.  The  chi-square 
value  for  relucency  is  0.207.  This  value  is  not  significant 
at  the  596  level. 

D.  Sutuy^l  PjfrStf 

The  frequency  distributions  of  sutural  defects  for 
the  exposed  and  control  groups  show  no  obvious  differences  in 
shape.  This  is  also  noted  in  reference  to  the  mean  scores  which 
are  very  nearly  equal.  The  mean  sutural  defects  scores  are  1.19 
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and  1.21  for  the  expoaed  and  control  groups,  respectively.  The 
cm -square  value  Is  1.075,  which  is  not  significant  at  the  5% 
level. 

E.  Posterior  Polar  Defects 

The  shapes  of  the  posterior  polar  defects  histograms 
indicate  that  there  may  be  a  more  appreciable  difference  in 
the  relative  number  of  posterior  polar  defects  between  the  ex¬ 
posed  and  control  group  than  any  of  the  other  minor  lens  defect 
categories.  The  skewed  distribution  of  posterior  polar  defects 
among  the  exposed  and  controls  is  the  only  distribution  of 
this  configuration  noted  in  any  of  the  lens  categories.  The 
increased  frequency  of  zero  suggests  that  posterior  polar  im¬ 
perfections  occur  relatively  Infrequently  in  comparison  to  the 
other  types  of  lens  changes  noted  in  this  study. 

Fifty-two  per  cent  of  the  exposed  group  and  63%  of  the  con¬ 
trol  groan  received  posterior  polar  scores  of  zero.  The  sutural 
defects  category,  which  has  the  next  highest  percentage  of  zero 
scores,  shows  10%  and  9%  zero  scores  for  the  exposed  and  con¬ 
trol  group  respectively.  This  Indicates  that  on  the  average, 
at  least  five  times  as  many  individuals  (either  exposed  or  con¬ 
trols)  will  have  insignificant  numbers  of  posterior  polar  defects 
as  compared  to  the  number  having  insignificant  numbers  or  degrees 
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of  other  lens  changes  (l.e.,  minute  defects,  relucency,  Butural 
defects,  opacification). 

There  also  appears  to  be  a  marked  difference  In  the  posterior 
polar  defects  of  exposed  and  controls.  The  percentage  of  exposed 
individuals  with  posterior  polar  defects  scores  of  two  or  greater 
is  13%  compared  to  3%  for  the  controls.  Therefore,  It  Is  on 
the  average,  about  four  times  more  probable  that  an  Individual 
who  receives  a  posterior  polar  defects  score  of  two  or  greater 
is  a  member  of  the  group  exposed  to  microwave  radiations. 

The  chi-square  value  Is  38.540.  This  value  is  highly  sig¬ 
nificant  (P<.0005)  and  is  suggestive  of  a  relative  degree  of 
specificity  of  this  type  of  lens  change  for  microwave  radiation 
exposure. 

F.  Discussion  and  Conclusions 

The  chi-square  analyses  performed  in  this  section  un¬ 
fortunately  do  not  take  Into  account  variations  in  the  mean 
ages  or  age  distributions  of  the  exposed  and  control  groups. 
However,  since  it  has  been  demonstrated  In  a  previous  section 
of  this  report  that  the  average  number  of  these  minor  lens 
defects  increases  with  age.  It  would  be  expected  that  a  group 
of  greater  mean  age  would  have  a  greater  number  of  minor  lens 
defects  Irrespective  of  microwave  exposure.  In  this  sample, 
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as  discussed  In  section  TV-1,  the  control  group  has  both  the 
greater  mean  age  and  the  greater  proportion  of  older  Individuals 
which  should  have  the  effect  of  decreasing  any  actual  difference 
in  the  two  groups  due  to  microwave  exposure.  If  age  adjustment 
were  made,  the  chi-sjuare  values  would  be  expected  to  increase 
due  to  this  effect,  but  it  is  Improbable  that  the  significance 
of  any  of  the  results  would  be  altered. 

The  results  of  the  analysis,  therefore,  suggest  that  the 
lens  categories  which  may  be  indicators  of  exposure  to  micro- 
wave  radiation  are  posterior  polar  defects  and  opacification. 

The  other  categories  (i.e.,  sutural  defects,  minute  defects, 
and  relucency)  have  not  been  shown  to  differ  in  the  exposed 
and  control  groups  analyzed  in  this  study. 

5.  Analysis  of  the  Feasibility  of  Periodic  Lens  Examinations 

to  Monitor  Microwave  Exposure  Effects 

An  analysis  has  been  performed  in  an  attempt  to  Determine 
the  feasibility  of  periodic  lens  examinations,  of  the  type 
described  in  this  study,  to  monitor  the  microwave  exposure 
effects  on  a  group  of  microwave  workers.  The  possibility  of 
such  a  procedure  is  suggested  by  the  progressive  Increase  of 
lens  defects  with  age  noted  in  the  analysis  of  the  data.  Since 
the  average  number  of  lens  defects  in  the  microwave  workers' 
group  has  been  shown  to  increase  more  rapidly  than  the 
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controls,  the  difference  in  the  lenBee  of  these  two  groups  would 
be  expected  to  increase  with  time  at  a  rate  related  to  the  de¬ 
gree  of  exposure  to  microwave  radiation. 

In  the  determination  of  the  feasibility  of  period  lens 
examinations  as  a  means  of  monitoring  microwave  exposure  effects, 
it  is  necessary  to  consider  the  variation  of  the  difference  in 
mean  eye  score  of  the  exposed  and  control  group  with  time.  An 
estimate  of  the  expected  increase  in  the  dlfforence  in  mean  eye 
scores  for  exposed  and  control  groups,  <5  ,  may  be  obtained  by 
considering  the  difference  in  the  regression  coefficients  esti¬ 
mated  by  the  total  sample  data  (l.e.,  b£  ■  0.1814,  bc  =  0.1584). 
The  estimated  expected  difference  per  year  is  therefore  0.0230 
eye  score  unite.  In  order  to  be  reasonably  certain  of  detect¬ 
ing  an  increase  in  the  difference  in  mean  eye  score  for  the  two 
groups,  an  interval  must  be  chosen  which  results  in  a  change 
in  this  difference  which  is  significantly  greater  than  the  ex¬ 
pected  variance  in  the  measurements .  xhe  details  of  the  analysis 
are  presented  in  Appendix  IV-8. 

In  the  case  of  the  total  group  of  736  microwave  workers  and 
559  controls,  a  minimum  observation  Interval  of  16.5  years  be¬ 
tween  examinations  would  be  required  to  detect  true  expected 
increase  in  the  eye  tcore  difference  of  0.38  eye  score  units  with 
a  0.8  probability.  If  the  group  were  composed  of  one  hundred 
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mlcrowave  workers  and  one  hundred  controls,  then  the  probability 
of  detecting  this  same  Increase  would  be  only  0.2  and  an  inter¬ 
val  of  forty-three  years  between  examinations  would  be  required 
for  a  0.8  p.obabllity  of  detection.  Correspondingly,  if  a  0.9 
probability  of  detection  were  desired,  then  an  interval  of  19.5 
years  would  be  required  for  the  above  combined  group  of  size 
1,29b  and  an  Interval  of  fifty-three  years  would  be  required 
for  the  group  of  »i  •  two  hundred. 

It  is  evident  that  the  length  of  the  Interval  between  ex¬ 
aminations,  In  all  of  these  cases,  is  of  such  magnitude  that 
the  use  of  this  technique  to  monitor  exposure  to  microwave 
radiation  does  not  appear  to  be  feasible  for  a  group  such  as 
the  ono  selected  for  this  study.  However,  in  a  group  of  micro¬ 
wave  workers  in  which  the  average  exposure  was  greater  than  in 
this  group,  the  mean  number  of  minor  lens  defects  should  dlvergo 
more  rapidly  from  the  control  group,  thereby  permitting  the 
observation  of  a  significant  change  in  a  reasonable  length  of 
time.  An  exposed  group  of  this  kind,  of  the  necessary  size, 
would  unfortunately  be  difficult  to  assemble  and  even  more  diffi¬ 
cult  to  follow  over  any  length  of  time  greater  than  a  few  years. 
Increasing  the  size  of  the  group  would  decrease  tlu  time  between 
examinations,  but  it  would  also  make  control  over  the  sample 
much  more  difficult  even  for  short  periods. 
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The  incr®»®«  In  the  difference  In  minor  lene  defect*  for  the 
expoeed  end  control  group*,  although  not  appearing  to  offer  a 
feasible  monitoring  procedure  in  this  Instance,  could  possibly 
be  of  value  if  a  more  sensitive,  non-subjectlve  method  of  deter¬ 
mining  the  rate  of  Increase  of  minor  lens  defects  wlc.  age  could 
be  developed.  This  system  could  be  applied  in  such  a  manner 
that  the  expected  Increase  in  mean  eye  score  for  a  large  group 
of  "average"  microwave  workers  would  serve  an  a  basis  for  com¬ 
parison  of  any  other  group  of  microwave  workers  at  a  given  in¬ 
stallation.  Significant  deviations  from  the  expected  eye  score 
a  given  time  would  be  an  indication  that  some  or  all  of  the 
microwave  workers  *t  an  installation  were  being  exposed  more 
than  the  average  and  depending  upon  the  magnitude  of  the  devi¬ 
ation,  corrective  action  might  be  indicated. 


4 


V 


OPHTHAUiOllXiitAL  OBSERVATIONS  OF  SPECIAL 
CLINICAL  SIGNIFICANCE 

During  the  course  of  performing  the  slit-lamp  examinations, 
several  pe.ients  exhibited  findings  meriting  special  considera¬ 
tion.  Most  of  these  have  been  reported  previously  13)  and,  at 
this  time*  follow-up  report  is  available  for  two  of  them,— one 
exhibiting  intumescent  lenses  (A)  and  the  other  exhibiting 
microwave  cataracts  (B). 

A.  Intumescent  Lenses.  Follow-up 

A  one  year  follow-up  examination  was  obtained  on  one 
of  the  two  individuals  with  a  finding  of  bilateral  intumescent 
lenses.  This  individual  had  received  an  accidental  exposure  to 
levels  of  microwave  radiation  which  are  said  to  have  substan¬ 
tially  exceeded  10  milliwatts  per  square  centimeter.  This  ex¬ 
posure  took  place  the  week  prior  to  the  original  examination. 
Two  days  after  the  original  examination,  his  lenses  were  no 
longer  Intumescent  and  appeared  normal.  One  year  later  (during 
which  time  this  man  continued  to  work  as  a  microwave  employee), 
re-examlnation  revealed  that  both  lenses  were  normal  and  no 
evidence  of  pathology  was  present.  The  posterior  polar  subcap- 
sular  cortical  regions  of  his  lenses  were  unremar  .able  at  both 
examinations . 

B.  Microwave  Cataract.  Follow-up 
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Thls  patient  was  seen  in  consultation  and,  therefore, 
not  included  in  this  statistical  study.  However,  as  he  demon¬ 
strated  an  early  clinical  a* age  of  microwave  cataract  formation, 
hia  case  w.  j  mentioned.  Follow-up  nation  revealed  that 

Uie  immature  cataract  rf  the  right  eye  had  progressed  to  hyper¬ 
maturity  and  that  the  incipient  cataract  in  hia  left  eye  had 
progressed  to  the  stage  of  immature  cataract.  In  the  incipient 
and  lrarature  stages  of  development  of  these  cataiacts,  the  poster 
lor  polar  aubcapaular  cortical  regions  of  both  lensee  were  unre¬ 


markable. 
C. 


New  Cose 


A  second  patient  seen  in  consultation  and  therefore  not 
Included  in  this  statistical  study  was  examined  and  found  to  have 
microwave  cataracts,  the  right  eye  more  advanced  than  the  left. 

It  has  been  estimated  by  the  safety  personnel  at  this  patient’s 
place  of  employment  that  the  probability  ex'ai  of  repeated  short 
duration  exposures  to  levela  of  microwave  radiation  exceeding 
several  hundred  milliwatts  per  square  centimeter  and  that  hia 
cumulative  exposure  to  ionizing  radiation  was  leas  than  1  roent¬ 


gen. 

A  good  continuing  follow-up  examination  sched-  le  has  been 
maintained  on  this  patient.  The  cataract  of  his  right  eye 


developed  to  the  stage  where  surgical  correction  was  required 
and  the  cataract  of  his  left  eye  has  not  yet  progressed  to  this 
stage  of  development.  At  no  examination  hai»  the  posterior  polar 
subcapsular  cortical  legion  of  either  lens  been  noted  to  be 
pathological. 

D .  Unrelated  Oph Iha lmo J og leal  Findings 

It  is  of  interest  to  note  that  no  eye  abnormalities, 
other  than  those  normally  expected  in  a  group  of  this  size,  were 
encountered.  A  random  appearance  of  auch  conditions  as  amblyopia, 
trauma,  etc.  occurred.  In  addition,  two  unsuspected  cases  of 


glaucoma  were  discovered  by  means  of  these  examinations. 
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DISCUSS ION 

A.  The  principal  objective  of  this  Btudy  has  been  to  deter¬ 
mine  whether  or  not  personnel  currently  employed  as  microwave 
workers  wen  developing  cataracts  at  a  greater  rate  than  a  simi¬ 
lar  population  not  so  exposed. 

It  is  important  to  bear  in  mind  chat,  at  no  installation, 
was  it  possible  to  establish  exact  qualitative  data  concerning 
past  exposure  to  microwave  radiation.  Thus  it  was  meaningless 
to  attempt  a  quantitative  analysis  of  the  actual  levels  of 
microwave  exposure. 

All  that  may  be  stated  concerning  the  personnel  examined  in 
this  study  is  that  the  population  ran  be  divided  into  two  groups, 
namely,  microwave  workers  and  approximately  age-matched  controls. 
Moreover,  it  is  also  apparent  that  the  group  of  microwave  workers 
may  well  not  be  a  truly  representative  sample  of  all  personnel 
employed  in  microwave  environments. 

Due  to  these  limitations,  it  is  not  valid  to  draw  any  gen¬ 
eralized  conclusions  concerning  whether  01  not  10  milliwatLs  per 
square  centimeter  is  a  permissible  level  of  microwave  radiation. 
The  only  question  concerning  this  standard  is  whether  or  not 
personnel  known  to  have  been  exposed  to  higher  lev* .s  should  be 
excluded  from  this  survey  because  it  is  known  that  acute  lens 
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lnjury  can  occur  from  higher  levels  and  that,  subsequently,  one 
cannot  auLrlbute  observations  on  such  individuals  to  chronic- 
effects.  The  procedure  decided  upon  in  this  study  was  there¬ 
fore  to  exclude  individuals  who  were  known  before  hand  to  have 
suffered  acute  lens  Injury  due  to  microwave  exposure. 

Fortunately,  no  case  of  microwave  cataract  was  found  in  this 
study.  This  is  not  to  be  construed  so  as  to  indicate  that  micro- 
wave  radiation  may  not  produce  cataracts.  The  etiology  of  micro- 
wave  cataract  appears  to  be  thermic  in  nature  and  the  pathogenesis 
of  this  type  of  cataract  will  be  reported  in  a  separate  publica¬ 
tion. 

B.  In  III  ESTIMATION  OF  EXPOSURE  HISTORIES  OF  MICROWAVE 
PERSONNEL,  the  inaccuracies  of  this  method  of  reconstructing  ex¬ 
posure  histories  are  discussed.  Moreover,  =  Hot  of  explanatory 
remarks  to  clarify  the  questionnaire  was  required  and  Interviews 
were  finally  conducted  tor  many  but  not  all  of  the  sample.  In 
the  coding  process,  it  was  not  possible  to  transfer  all  of  the 
information  independently  so  that  certain  of  the  information  was 
categorized.  A  semi-quantitative  exposure  index  was  obtained  by 
taking  the  sum  of  two  multiplicand  products.  However,  simple  in¬ 
spection  of  the  factors  and  relative  weight  in  Ta -le  3-1  shows 
that  this  system  of  scoring  exposure  is  inadequate  in  some  respects 
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C.  In  IV,  STATISTICAL  ANALYSIS  OF  THE  REIATIONSHIP  BETWEEN 
EYE  SCORE,  AGE  AND  ENVIRONMENTAL  FACTORS,  it  becomes  apparent 
that  a  number  of  questions  have  arisen  in  analyzing  the  data. 

..  Although  many  types  of  mathematical  models  could 
have  been  selected,  the  linear  expression  was  chosen  because 
preliminary  studies  suggested  such  a  relationship  (3).  Fur¬ 
thermore,  it  has  been  shown  that  this  is  the  most  feasible 
model  to  express  the  aging  process  for  other  physiological 
functions  (5). 

2.  It  is  stated  that  the  age  frequency  distributions 
of  the  exposed  and  control  group  were  not  ideally  age-matched 
and  therefore,  although  the  mean  ages  of  the  two  groups  are  in 
fairly  good  agreement,  there  cannot  be  a  complete  negation  cf 
this  effect  even  by  age  adjustment.  Tills  is  not  an  insignifi¬ 
cant  factor  when  dealing  with  a  mathematical  model,  but  since 
the  dissimilarities  are  of  a  nature  which  would  tend  to  de¬ 
crease  the  true  difference  in  the  two  groups,  it  is  felt  that 
this  effect  will  not  decrease  the  statistical  significance  of 
the  analysis. 

3.  The  eye  score  relative  frequency  distribution  histo¬ 
grams  indicates  a  bl-modal  distribution  with  a  s; read  of  four 
units  for  exposed  and  three  units  for  control.  It  is  stated 
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that  this  bi -modal  distribution  results  from  the  posterior  polar 
category  having  a  different  histogram  from  the  other  categories 
so  that  it  has  tne  effect  of  superimposing  a  peak  at  score  four 
on  the  t-.cal  relative  frequency  eye  score  histogram.  Inspection 
of  the  other  histograms  reveals  that  for  both  exposed  and  con¬ 
trolled  groups  the  average  score  for  minute  defects  is  approxi¬ 
mately  IS.  the  average  score  for  opacification  is  slightly  more 
than  1*5,  the  average  score  for  relucency  is  slightly  more  than 
lij  and  the  average  score  for  sutural  defects  is  slightly  more 
than  1.  Therefore,  the  maximum  peak  score  to  anticipate  by 
this  line  of  logic  is  6  to  7  (the  approximate  sum  total  of  the 
average  score  for  minute  defects,  opacification,  relucency  and 
sutural  defects). 

One  must  consider  the  possibility  that  an  unweighted  summa¬ 
tion  of  Individual  lens  score  categories  to  form  a  total  score 
for  an  individual  is  Inadequate.  It  should  be  noted  that  although 
the  bl-modal  distribution  of  eye  score  does  raise  some  question 
regarding  the  summation  procedure,  a  bl-nodal  distribution  does 
not  necessarily  rule  out  the  procedure  of  taking  an  unweighted 
summation  of  the  individual  eye  score  categories.  Furthermore, 
on  the  basis  of  available  information,  this  meth  1  is  the  only 
feasible  manner  in  which  to  express  the  data. 
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4.  Exposure  score  and  duration  of  microwave  work  are 
generally  similar  and  It  Is  stated  tnat  they  should  be  correlated. 
Thus  the  higher  the  exposure  score,  the  more  likely  the  Individual 
belongs  to  a  chronically  exposed  portion  of  the  microwave  sam¬ 
ple.  The  only  sample  of  a  group  with  high  exposure  score  can 

be  found  In  Figure  4-8  of  HADC-TN- 61-226  (6)  which  contains  the 
graphs  of  eye  score  vs.  age  for  a  aample  of  fifty  exposed  per¬ 
sonnel  each  of  whom  had  an  exposure  score  of  more  than  twenty- 
five  and  fifty  age-matched  controls.  It  becomes  evident  that 
this  too  is  a  seemingly  contradictory  result.  Although  this 
finding  was  not  considered  to  be  of  much  importance  statisti¬ 
cally,  it  should  not  be  completely  dismissed  from  consideration. 

5.  The  analysis  of  the  data  from  the  group  examined 
after  October,  1961  (i.e.,  since  the  last  report)  Is  depicted 
in  Figure  4-5-b  and  it  noted  that,  due  to  the  greater  value 
for  the  regression  coefficient  fer  the  exposed  group,  and  the 
slightly  lower  mean  eye  score  at  the  lower  ages,  these  two  lin¬ 
ear  regression  graphs  intersect  with  the  exposed  group  showing 
the  greater  mean  eye  score  at  greater  age  values.  IVo  ages  were 
chosen  to  test  the  difference  in  mean  eye  score,  the  overall 
mean  age  of  32.7  years,  where  the  difference  was  not  signifi¬ 
cant  and  the  projected  age  of  sixty  years  where  the  difference 
of  anticipated  mean  eye  score  was  found  to  be  significant. 
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How  ever ,  the  finding  that  the  mean  eye  ecore  at  the  younger  than 
thirty-two  group  differed  from  expected  in  that  the  exposed  group 
had  lower  mean  eye  scores  than  the  control  group  wan  not  consi¬ 
dered  abnormal  in  this  instance  because  in  linear  regression  an¬ 
alyses  such  findings  are  not  unexpected  since  the  diffurence  of 
lower  ages  is  not  statistically  significant.  An  analysis  ot 
these  findings  would  not  bo  critical  if  the  possibility  of  an 
inexact  mathematical  model  selection  wan  not  suggested. 

6.  The  total  eye  icoie  was  broken  down  into  its  five 
components  and  the  frequency  distributiona  of  each  were  deter¬ 
mined.  It  was  stated  that  because  of  limitations  of  the  scor¬ 
ing  system  (i.e.,  only  four  possible  scoresi  0,1, 2, 3)  for  each 
category  that  a  rigorous  statistical  analysis  of  the  type  used 
for  the  total  lens  score  would  not  be  too  meaningful  in  the  deter¬ 
mination  of  the  significance  of  these  differences.  The  data 
was  therefore  subjected  to  a  chi-square  analysis  wherein  the 
category  posterior  polar  defects  was  found  to  be  the  group  pre¬ 
dominantly  responsible  for  differences  found  between  exposed 
and  control  groups. 

D.  A  critical  evaluation  of  the  slit-lamp  examination  re¬ 
veals  that  no  clinical  cataract  was  found  (palhc^ogy  of  the  lens 
resulting  in  reduction  of  visual  acuity).  Trfo  individuals  of 
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the  exposed  group  each  were  found  to  have  a  monocular  Incipient 
cataract  (sub-clinical  pathology  of  a  portion  of  the  lens  with¬ 
out  reduction  of  visual  acuity).  In  addition,  two  other  exposed 
individual  were  found  to  have  temporary  bilateral  lntumescent 
lenses  (both  of  them  were  accidentally  exposed  to  massive  amounts 
oi  microwave  radiation  and  a  question  arises  as  to  whether  or 
not  they  technically  belong  in  this  study).  In  none  of  these 
four  individuals  was  any  pathology  noted  in  the  posterior  polar 
subcapsular  cortex. 

1.  Posterior  Polar  Defects.  The  posterior  polar  de¬ 
fect  category  requires  discussion  at  this  point.  By  definition, 
it  is  a  topographical  region  of  the  lens  situated  along  the  axis 
at  the  posterior  cortex  between  the  posterior  suture  and  the  cap¬ 
sule  of  the  lens.  It  is  a  frequent  site  for  pathological  change 
Including  that  due  to  ionizing  radiation.  Especially  for  the 
latter  reason,  it  wac  included  as  a  category  in  the  examination. 
However,  no  posterior  subcapsular  cataracts  were  encountered  in 
thio  study.  In  examining  this  region  of  the  lens,  one  is  in¬ 
specting  it  by  looking  through  the  anterior  cortex,  the  adult 
nucleus,  the  anterior  suture,  the  fetal  nucleus,  the  posterior 
suture  sud  the  posterior  adult  nucleus.  Each  of  t^ese  structures 
alters  the  light  beam  that  is  illuminating  the  posterior  cortex 
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and  also  affects  the  refraction  of  the  examiner.  If  the  pathol¬ 
ogy  is  present  in  this  region  and  the  intervening  lens  in  clear, 
it  is  not  difficult  to  determine  the  nature  and  extent  of  the 
pathology-  However,  if  no  visible  pathology  is  present  in  the 
posterior  polar  cortex,  it  appears  that  this  is  not  a  reliable 
aite  for  quantitative  analysis. 

The  other  categories  of  the  slit-lamp  examination  appear 
to  lend  themselves  to  semi-quantitative  evaluation. 

2.  Minute  Defects.  One  of  the  compelling  reasons  for 
Instituting  this  study  was  to  determine  whether  or  not  a  rela¬ 
tionship  exists  between  imperfections  such  as  granules,  vacuoles 
and  tiny  opacities  in  the  lens  and  microwave  exposure.  Examina¬ 
tion  of  the  histogram  for  minute  defects  and  evaluation  by  meana 
of  the  chi-square  analysis  indicates  that  there  is  no  signifi¬ 
cant  difference  between  exposed  and  control  groups. 

3.  Opacification.  In  any  study  of  cataract  formation, 
it  is  desirable  to  attempt  to  estimate  the  degree  of  opacifica¬ 
tion.  By  chi-square  analysis  there  was  a  suggestion  that  opaci¬ 
fication  may  be  an  indicator  of  exposure  to  microwave  radiation. 
However,  examination  of  the  histogram  does  not  unequivocally 
indicate  this  to  be  true.  Subsequent  to  the  origin  of  this  study, 
fortuitous  examination  of  four  human  lenses  (two  individuals) 
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dioplaying  vaiiouo  degrees  of  microwave  cataracts  hao  revealed 
that  the  basic  pathology  takes  place  in  the  capsule  ourrounding 
the  lens  and  that  the  capsular  pathology  reduced  the  visual 
acuity  yea.cs  before  the  lens  substance  becomes  opacified.  This 
finding  was  so  marked  that  the  diseased  capsule  could  be  readily 
Identified  by  direct  inspection  without  the  need  of  magnifica¬ 
tion  and  light  beam  provided  by  the  slit-lamp.  However,  detailed 
slit-lamp  examinations  were  performed  and  years  intervened  from 
the  time  of  exposure  before  any  measurable  opacification  of  the 
lens  substance  took  place  in  two  of  these  lenses  (one  from  each 
individual).  The  other  two  lenses,  at  last  inspection,  still 
exhibited  no  opacification  of  the  lens  substance  in  spite  of 
slowly  progressing  capsular  changes. 

4.  Relucency.  As  the  lens  substance  Itself  becomes  a 
secondary  luminaire  when  illuminated  by  the  light  beam,  this 
luminescence  was  examined  >y  estimating  the  degree  of  relucency 
of  the  light  beam  in  the  lens.  The  assumption  was  made  that 
changes  in  relucency  might  antedate  opacification  and  thus 
alterations  in  the  degree  of  relucency  might  prove  to  be  an 
indicator  of  metabolic  change  in  the  lens.  However,  not  only 
has  no  significant  difference  between  exposed  and  ,ntrol  groups 
been  elicited  but  alao  this  test  has  not  been  of  any  value  when 
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applled  to  the  above-mentioned  microwave  cataracte. 

5.  Sutural  Defects.  As  mentioned  previous ly,  thia 
category  wai  examined  on  the  basis  of  experimental  microwave 
cataracts .  The  species  difference  between  the  laboratory  ani¬ 
mals  in  which  this  factor  is  the  predominant  reaction  to  micro- 
wave  exposure  and  man  where  this  factor  has  not  been  found  to 
be  related  to  such  exposure  has  become  evident  and  there  is  no 
significant  difference  between  exposed  and  control  groups.  More¬ 
over,  in  human  microwave  cataracts,  at  no  stage  of  development 
has  any  abnormality  of  the  sutures  been  noted. 


CONCLUSIONS 


Analysis  of  th**  data  reveals  that  the  lenses  of  both  micro¬ 
wave  workers  and  controls  have  defects  and  that  the  number  of 
defects  increase  linearly  with  age.  Although  there  was  an  apparent 
statistical  difference  in  eye  score  between  the  exposed  and  con¬ 
trol  groups,  the  difference  is  demonstrated  to  bo  clinically  in¬ 
significant.  The  extent  of  minor  lenticular  imperfection  does 
not  serve  as  a  clinically  useful  indicator  of  cumulative  exposure 
to  microwave  radiation.  No  relationship  between  lens  imperfec¬ 
tion  and  microwave  cataract  was  found. 

Within  the  limitations  of  the  sample  obtained,  of  the  defi¬ 
nition  of  chronic  exposure  to  permissible  levels  of  microwave 
radiation,  and  of  the  ophthalmologlcal  technique  employed,  this 
investigation  has  demonstrated  that  it  is  impractical  to  monitor 
microwave  exposure  bv  means  of  performing  this  type  of  examina¬ 
tion  et  some  future  time  as  a  follow-up  procedure.  Sven  if  one 
were  to  assume  that  the  mathematical  models  were  perfect  and 
that  the  mean  number  of  minor  lens  defects  would  diverge  as  pre¬ 
dicted  by  means  of  the  ANALYSIS  OF  THE  FEASIBILITY  OF  PERIODIC 
I£NS  EXAMINATIONS  TO  MONITOR  MICROWAVE  EXPOSURE  EFFECTS,  it  is 
cloarly  stated  beyond  a  reeonable  doubt  that  it  is  not  feasible 


to  continue  this  study. 
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TABLE  1-1 


TYPE 

MAJOR  FUNCTION (S ) 

large  military  base 

a.  research  and  develop- 

(  >1000  employees) 

ment  of  surface  radar 

b.  airborne  radar  main¬ 
tenance 

civilian  assembly 

a.  design  and  assembly 

plant 

of  microwave  modulators 

b.  components  testinq 

large  military 

a.  radar  operations 

missile  tracking 

and  maintenance 

facility  (  >1000 

b.  systems  development 

employees ) 

smaller  military 

a.  radar  operations 

missile  tracking 

and  maintenance 

facility 

civilian  research 

a.  research  and  develop¬ 
ment  1 

development  and  fabri- 

of  reconnaissance  radar 

cation  facility 

b.  tube  production 

facilities 

c.  antenna  development 

«WI f/i 


TABLE  1-1  (continued) 


large  civilian  radar  la.  research  and  develop- 


installation 


civilian  research 


laboratory 


civilian  fabricator 


of  radar  equipment 


civilian  complex  of 
radar  operations 


ment  of  radar  defense 


systems 

b.  radar  equipment 
operation 

c.  testing  of  radar 
equipment 


a.  research  and  develop¬ 
ment  of  military  and 
communications  type 
radar  equipment 

b.  fabrication  and 

c.  testing  of  radar 
equipment 

d.  limited  operation  of 
radar  equipment 


a.  fabrication  and 


b.  tasting  of  radar 


a.  research  and  devalop- 


b.  fabrication  and 


c.  testing  of  radar 
systems 


TABLE  1-1  (continued) 


military  missile  tracking  a.  operation  and  main- 
installation  tenance  of  high  powered 

(i.e.,  ,>  1  megawatt) 
search  radar. 


a.  operation  and  main¬ 
tenance  of  long  range 


large  military  missile 
tracking  facility  and 


large  naval  vessel 


air  base  (  ^1000  employ-  search  radar  for  area  sur- 
ees )  veillance  and  missile 

tracking 

b.  operation  and  main¬ 
tenance  of  navigational 
radar 

c.  systems  development 


a.  operation  and  main¬ 
tenance  of  search  and 
navigational  equipment 

b.  airborne  radar  roain- 


a.  training  of  radar  op¬ 
erators  and  maintenance 
personnel 

b.  research  and  develop¬ 
ment  of  military  radar 

c.  limited  operation  of 
radar  equipment 


large  military  train¬ 
ing  and  research  devel¬ 
opment  center 


TABLE  3-1 


METHOD  OF  CALCULATING  MICROWAVE  EXPOSURE  INDEX* 


Weight 

Factor 

ft 

1 

2 

3 

1.  Power  output  (av.  watte) 

<100 

100-1000 

>1000 

2.  Distance  from  tube  or  trans- 

<10 

>10 

— 

mission  line  (feet) 

3.  Looked  into  energized  wave- 

1-10 

— 

>10 

guide  (no.  of  times) 

4.  Felt  heat  from  waveguide 

<10 

Hands  only 
>10 

Head  or  whole 
body  >1 

5.  Antenna  exposure  (location 

Rear  or 
aides 

Front  (sec. 
or  min. ) 

Front  (hours) 

and  time) 

6.  Antenna  heat  (time) 

Seconds 

Minutes 

Hour 

7.  Antenna  power  (av.  watts) 

<100 

100-1000 

>1000 

* Exposure  Index  «(lx2x3x4)+  (5x6x7) 


TABLE  4-1 


AGE  FREQUENCY  DISTRIBUTION 


Number  of 


Ecr-.iEir-FTTn 


Cumulative 


16-20 

21-25 

26-30 

31-35 

36-40 

41-45 

46-50 

51-55 

56-60 

61-65 


45 

6.114 

6.114 

126 

17.12 

23.23 

186 

25.27 

48.50 

137 

18.61 

67.11 

103 

14.00 

81.11 

60 

8.15 

89.26 

33 

4.48 

93.74 

25 

3.40 

97.14 

19 

2.58 

99.72 

2 

.28 

ioo.oo 

TOTAL  736 

MEAN  AGE  ■  32.76  YEARS 


59 

10.55 

10.55 

106 

18.96 

29.51 

91 

16.23 

45.79 

88 

15.74 

61.53 

73 

13.06 

74.59 

64 

11.45 

86.04 

44 

7.87 

93.91 

17 

3.04 

96.95 

13 

2.33 

99.28 

4 

.72 

100.00 

TOTAL  559 

MEAN  AGE  =  33.20  YEARS 


TABLE  4-2 


EYE  SCORE  FREQUENCY  DISTRIBUTION 


j  EXPOSED  GROUP 

CONTROL  GROUP 

Number 

Individual! 

% 

Cumulative 

% 

Cumulative 

_*  _ % _ 

0 

0 

0 

0 

0 

0 

7 

0.95 

0.95 

5 

0.89 

0.89 

14 

1.90 

2.85 

17 

3.04 

3.93 

42 

5.71 

8.56 

47 

8.41 

12.34 

136 

18.48 

27.04 

100 

17.90 

30.24 

84 

11.41 

38.45 

64 

11.45 

41.69 

70 

9.51 

47.96 

55 

9.84 

51.53 

85 

11.55 

59.51 

93 

16.64 

68.17 

126 

17.12 

76.63 

76 

13.60 

81.77 

93 

12.64 

89.27 

59 

10.55 

92.32 

42 

•>.71 

94.98 

23 

4.11 

96.43 

18 

2.44 

97.42 

10 

1.79 

98.22 

10 

1.35 

98.77 

8 

1.43 

99.65 

7 

.95 

99.72 

2 

.35 

100.00 

1 

.14 

99.86 

0 

0 

100.00 

1 

.14 

100.00 

0 

0 

100.00 

TOTAL 

NUMBER  - 

736 

TOTAL 

NUMBER  =  559 

MEAN  EYE  SCORE  €.58 


MEAN  EYE  SCORE  6.23 


TABLE  4-3 


EXPOSURE 

SCORE  FREQUENCY 

DISTRIBUTION 

EXPOS  l’ He  8 CORE 

NUMBER  EXPOSED 

2 

CUMULATIVE  % 

1-5 

109 

14.81 

14.81 

6- 10 

267 

36.28 

51.09 

11-15 

133 

18.07 

69.16 

16-20 

94 

12.77 

81.93 

21-25 

54 

7.34 

89.27 

’6-30 

24 

3.26 

92.53 

31-35 

6 

.82 

93.35 

36-40 

12 

1.63 

94.98 

41-45 

18 

2.45 

97.  i2 

46-50 

3 

0.41 

97.84 

51-55 

2 

0.27 

98.11 

56-60 

4 

0.54 

98.65 

61-65 

2 

0.27 

98.92 

66-70 

4 

0.54 

99.46 

71-75 

3 

0.41 

99.87 

76-80 

0 

0.00 

99.87 

81-85 


1 


0.1 


100.00 


TABUS  4-4 


DURATION  OF  MICROWAVE  WORK 

DURATION  NUMBER  CUMULATIVE 


I  ♦  »T  1  -•* 

X 

% 

0-19 

147 

20.00 

20.00 

20-39 

127 

17.28 

37.28 

40-59 

113 

15.37 

52.65 

60-79 

89 

12.11 

64.76 

80-99 

71 

9.66 

74.42 

100-119 

52 

7.07 

81.49 

120-139 

50 

6.80 

88.29 

140-159 

26 

3.54 

91.83 

160-179 

13 

1.77 

93.60 

180-199 

14 

1.91 

95.51 

200-219 

13 

1.77 

97.28 

220-239 

3 

.41 

97.69 

240-259 

10 

1.36 

99.05 

260-279 

2 

0.26 

99.31 

280-299 

3 

0.41 

99.72 

300-319 

0 

0 

99.72 

320-339 

0 

0 

99.72 

340-359 

0 

0 

99.72 

360-379 

1 

.14 

99.86 

560-579 

1 

.14 

100.00 

etc.  Note:  one  reject 


TABLE  4-5 


MICROWAVE 

WORKERS  JOB  CLASSIFICATION 

ASSIFICATION 

NUMBER  INDIVID  HAUL 

X 

0 

88 

12.00 

1 

9 

1.23 

2 

83 

11.31 

3 

212 

28.88 

4 

2 

0.27 

5 

4 

0.54 

6 

242 

32.97 

7 

14 

1.91 

8 

69 

9.40 

9 

11 

1.50 

Note i  Two  reject* 


TABLE  4-6 


INDIVIDUAL  EVE  SCORE  CATEGORY  FREQUENCIES 


Number 


Minute  defect. 

Opaci fleet Ion 

Relucency 

Sutural  defecta 

Poaterior  polar 
Defecta 


Totala 


IU 


Number 


Number 


Number 


Number 


A”1 


Number 


LV]  !1TV/ 1 . 


Number 


■j-.-i  i  .-J 


Number 


SSilMvH 


Minute  defecte 

337 

238 

80 

55 

Opacification 

355 

252 

51 

27 

Relucency 

371 

274 

33 

24 

8utural  defecta 

172 

133 

20 

17 

Poaterior  polar 
Defecta 

91 

18 

5 

HI 

TABLE  4-6 


INDIVIDUAL  EYE  SCORE  CATEGORY  FREQUENCIES 


Number 


Minute  defect" 

Opacification 

Ralucancy 

Sutural  dafacta 

Posterior  polar 
Defects 


Totals 


EiJ  •)  Mi  VlyJ  ii  ■  ; 


Number 


Number 


Number 


r.Y  v  '[•)  uw  wj  j 


Number 


U'-'Ui- 


Number 


aim-IC 


Number 


Minute  defects 

337 

238 

Opacification 

355 

252 

Relucency 

371 

274 

Sutural  defects 

172 

133 

Posterior  polar 
Defects 

91 

18 

Number 


TABLE  4-7 

CHI  SQUARE  VALUES  TOR  INDIVIDUAL  LENS  CATEGORIES 


Lena  Category 

Exposed 

Group 

‘core - 

Control 

Group 

Chi  Square 
Value 

P 

Value 

l. Minute  Defects 

1.6S63 

1.6082 

2.620 

>.05 

2. Opacification 

1.5802 

1.4687 

10.244 

<.025 

3.Relucency 

1.5556 

1.5349 

0.207 

>.05 

4. Sutural  Defects 

1.1861 

1.2110 

1.075 

>.05 

5. Posterior  Polar 

I  0.6168 

0.4079 

38.540 

<•0005 

Figure  1-1  Standard  Microwave  Radiation  Hazard  Sign 


Figure  4-1 


RELATIVE  FREQUENCY  AGE  DISTRIBUTION 
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Figure  4-2b 


Relative  frequency 


Exposure  score  category 


Pigutfi  4-3 


Relative  frequenc 
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Figure  4-4 
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Figure  4-5a 


(Y)-  eye  score 


Figure  4-6 


Relative  frequency 


Figure  4-7 


Relative  frequency 


Figure  4-8 


Sutural  defects  score 


Figure  4-9 


Relative  frequency 
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Figure  4-10 
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Figure  4-11 


APPENDIX  XXI-A 


NEW  YORK  UNIVERSITY  MEDICAL  CENTER 
550  First  Avenue 
New  York  16,  New  York 

Institute  of  Industrial  Medicine 
Environmental  Radiation  Laboratory 


HISTORY  Of  WORK  WITH  MICROWAVES 

You  are  being  asked  to  fill  out  this  questionnaire  as  part  of 
a  large  study  in  which  we  are  one  of  a  number  of  participating 
industrial  and  military  organisations. 

We  appreciate  the  fact  that  in  some  cases  a  great  many  years 
nwy  have  elapeed  since  you  first  began  to  work  with  microwaves 
and  that  it  may  be  difficult  for  you  to  recollect  all  of  the 
detailed  information  we  have  asked  you  to  provide.  All  we  re¬ 
quest  is  that  you  be  patient  with  this  questionnaire  and  fill 
it  out  to  the  best  of  your  ability.  If  there  are  any  parts  of 
it  which  are  not  clear  to  you,  your  supervisor  will  attempt  to 
assist  you. 

Muma  Aae  Badge  No. 

(Please  print) 

Address _ 


I.  List  only  those  places  of  employment  in  which  you  worked 
with  radar  or  other  microwave  equipment.  List  present  em¬ 
ployer  first  and  work  backwards. 


a .  Employer ' s 

Name 

Employed  from _ to. 

Job  Titles:  1. _ 


Total  Number  of  Months  Employed 
in  the  Following  Cifqgliai - 

a.  Research  and  development  of 

microwave  components _ 

b.  Microwave  components  assembly 

for  production _ _ 


2. 


3. 


c.  Operation  of  radar  or  other 

mlcrowavw  apparatus _ 

d.  Installation,  maintenance,  and 

t*»t  of  microwave  apparatus _ 
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e. 


b.  Employer's 

Name _  a . 

Employed  from _ to _ 

b. 

Job  Titles:  1. _ 

2.  _  c. 

3.  _ 

d. 


c.  Employer 'e 

Name _  a . 

Employed  from  to _ 

b. 

Job  Titles t  1. _ 

2.  _  c. 

3.  _ 

d. 

e. 


d.  Employer's 

Name _  a . 

Employed  from  to _ 

b. 

Job  Titles i  1. _ 

2.  _  c. 

3.  _ 


Other _ 

Total 


Research  and  development  of 
microwave  components _ 

Microwave  components  assembly 
for  production _ 

Operation  of  radar  or  other 
microwave  apparatus _ 

Installation,  maintenance, 
and  test  of  microwave  appar¬ 
atus _ 

Othe  r _ 

Total _ 


Research  and  development  of 
microwave  components _ 

Microwave  components  assembly 
for  production _ 

Operation  of  radar  or  other 
microwave  apparatus _ 

Installation,  maintenance,  and 
test  of  microwave  apparatus _ 

Other _ 

Total _ 

• 

Research  and  development  of 
microwave  components _ 

► 

Microwave  components  assembly 
for  production _ 

Operation  of  radar  or  other 
microwave  apparatus _ 


d.  Ini  ta  Hat  ion,  maintenance, 

and  teat  of  microwave  appara¬ 
tus _ 

e.  Other _ 


Total 


a.  Old  you  ever  wear  a  film  badge?  Yea...  _  No _ 

b.  If  yea,  on  which  Job  and  during  what  period  of  time? 

Places  of  Employment  From  To 

a. _ _ 


b. 


d. 


III. 

a.  Did  you  ever  work  near  a  transmitter  tube  from  which  the 
shielding  was  removed  while  the  hiqh  voltage  waa  on? 

Yes _  No _ 

b. If  yes,  fill  out  the  followlngi 

Prat  *Ytr,  Earn  vpltiag  * as.-  hu.-  Wnaai, 


IV. Lise  the  principal  types  of  microwave  generating  equipment  with 

which  you  have  worked.  _  . 

a .  D .  c .  a . 


Type  of  equipment 
Average  Power 


Freq.  or  Band 
Number  of  months 
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Date  of  first  exposure  _ . 

Power  terminated  (use  check  mark) 

Dummy  load  _ 

Outside  antenna  _ 

Within  room  _ 

Distance  from  equipment 

Less  than  10  ft.  _ 

10  -  20  ft.  _ 

Greater  than  20  ft.  _ 

Your  work  was: 

a.  research  &  devel-  _ 

opment 

b.  assembly  of  micro-  _ 

wave  components 

c.  operation  of  micro- _ 

wave  equipment 

d.  Installation,  main- _ 

tenance,  and  test  of 
microwave  equipment 


V. 


a. 


Did  you  ever 
while  it  was 


look  into  a  transmission  line  auch  as  a  wave  guide 
energized?  Yes _  No _ 


* 


► 
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V-a  (Continued) 

If  yes: 

How  many  times?  Average  Power?  How  Viewed? 

1-3  4-10  over  lo  Viewing  Bend  Open  Wave  Guide 


VI. 

a.  Did  you  ever  feel  heat  from  microwaves  coming  from  a  wave  guide 

or  transmission  line?  Yes _  No _ 

b.  If  yes,  how  many  times?  1-3  4-10  Over  10 

Hands  only  _  _  _ 

Whole  body  _  _  _ 

Head  only  _  _  _ 

c.  What  types  of  equipment  were  involved? 

Average  Power  _  _  _ 

Freq.  or  Band  _  _  _ 

VII. 

a.  Have  you  ever  worked  near  an  antenna  while  it  was  radiating? 

Yes _  No _ 

b.  If  yes,  fill  in  the  following: 


4 
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Average  Freq.  Distance  From 
1_3  4-10  Over  10  Power  or  Band  Radiating  Surface 

1.  Front  Surface 

few  seconds  -  -  -  - - - - 

few  minutes  -  -  - -  -  - - 

over  an  hour  -  -  -  - -  — - . 

2.  Rear  Surface 

few  seconds  _  _  _  _  _  — - 

few  minutes _ _ _ _  _ _ 

over  an  hour  -  -  -  -  - - , 

3. Sides 

few  seconds  _  _  _  _  _  _ _ _ 

few  minutes  _  _  _  _  _  _ _ 

over  an  hour  _  _  _  _  _  _ 

4. How  many  times  did  you  feel  heat  from  microwaves  coming  from  the  antenna? 

few  seconds  _  _  _ 

few  minutes  _  _  _ 

over  an  hour  _  _  _ 


► 


i 


i 


APPENDIX  III-B 


EXPLANATORY  REMARKS  ON 

"HISTORY  OF  WORK  WITH  MICROWAVES"  QUESTIONNAIRE 


Port  l« 

In  addition  to  civilian  employment,  microwave  experience 
during  mllitaiy  duty  should  be  included. 

Part  Illi 

This  entire  question  is  included  to  determine  if  there  has 
been  any  exposure  to  ionizing  radiation.  Therefore,  any  work 
done  in  close  proximity  to  any  high  voltage  tube,  even  if  it 
was  not  specifically  a  microwave  transmitter  tube,  should  be 
Included  in  the  answer.  Any  tube  in  the  kllovoltage  range 
should  be  specified.  The  reference  to  shielding  xti  this  question 
refers  to  X-ray  shielding,  not  r-f  shielding.  The  term  "near” 
in  this  question  may  be  defined  as  within  the  same  room  as  the 
■inshielded  tube. 

Pai£_iy« 

In  specifying  the  mode  of  rower  termination  (i.e.,  dummy 
load,  outside  antenna,  or  within  room)  for  cases  a,b,c,d,  it 
would  be  helpful,  if  more  than  one  mode  of  termination  was  used, 
to  approximate  t?.a  fraction  of  the  time  that  each  mode  was  used. 

The  distance  from  equipment  refers  only  to  the  distance  dur¬ 
ing  operation  of  the  equipment. 


In  specifying  the  job  category,  when  more  than  one  classifi¬ 
cation  applies,  the  principal  one  should  be  used. 

When  possible  (i.e.,  in  case  of  surveyed  exposures)  the  exact 
power  density  and  length  of  exposure  should  be  Included.  Any  ex¬ 
posure  other  than  those  occurring  as  a  result  of  employment  should 
be  included;  this  would  apply  to  home  experimentation,  etc. 

Pftgt  V: 

Average  power  is  here  to  be  considered  as  the  average  power 
of  the  transmitter  or  in  the  waveguide. 

Part  VI » 

This  question  refers  only  to  effects  of  transmitter,  trans¬ 
mission  lines,  and  waveguides;  it  does  not  refer  to  antenna  expo¬ 
sures  which  are  covered  in  question  VII.  If  an  exposure  is  re¬ 
ported  here  as  due  to  local  termination  of  a  waveguide  with  a 
horn,  it  should  not  be  reported  in  the  answer  to  question  VII. 

part 

Exposure  to  radiating,  rotating  antannas  should  also  be 
included  in  the  answer  to  this  question.  In  "a"  the  word  E2A£ 
refers  to  a  distance  at  which  the  power  density  is  greater  than 
or  equal  to  one  milliwatt  per  square  centimeter. 


APPENDIX  III-C 


MICROWAVE  SURVEY 
Epidemiological  Data 

Details  of  Cvdlng  Procedure 

1.  Job  Classification  (column  19) 

In  specifying  the  Job  classification  of  an  individual 
in  the  case  where  more  than  one  category  applies,  that  category 
will  be  chosen  which  represents  twice  the  period  of  time  spent 
on  any  other  Job  listed  if  the  latter  is  1«sb  than  six  months. 
If  the  other  Jobs  listed  were  worked  at  for  more  than  six 
months  (each)  or  were  more  than  one  half  the  period  of  the 
major  Job  classification  the  data  will  be  yiven  another  code 
number  signifying  combinations  of  microwave  Jobs. 

Controls  will  be  coded  with  a  5  signifying  non-microwave 
work. 

2 .  X-Ray  Exposure 

0  will  be  used  for  individuals  with  no  reported  work 
on  high  voltage  tubes  and  no  film  badge  record. 

1  will  de'ignate  individuals  who  have  worked  with  un¬ 
shielded  generating  tubes  of  greater  than  one  kilovolt  peak 
voltage  for  periods  of  minutes  or  more  with  no  film  badge 
record  of  possible  exposure. 


2  will  be  used  to  designate  those  Individual*  who  note  severe 
exposure  to  ionizing  radiation  but  did  not  wear  a  film  badge 
during  the  exposure. 

3  will  .-.es Ignat*  persons  exposed  to  ionizing  radiation  while 
wearing  film  badges. 

3.  Power  Termination 

In  any  instance  in  which  more  than  one  mode  of  power 
termination  is  used  for  one  power,  the  most  significant 
will  be  chosen.  Thus  if  power  is  terminated  by  a  duiwy  load, 
an  outside  antenna  and  also  within  the  room  the  latter  case 
will  be  designated  on  the  card  (i.e.,  by  a  2  punch).  If  both 
dunmy  load  and  outside  antenna  termination  is  specified  a  3 
punch  will  be  used  indicating  this  combination. 

4.  Age  at  first  exposure  will  be  the  age  at  which  the 
first  work  with  a  principal  type  of  microwave  generator  is 
listed  in  the  questionnaire. 

5.  In  the  case  of  an  individual  who  has  been  Included  as 
a  control  but  who  actually  has  had  some  radar  experience  and 
does  not  specify  the  equipment  used,  a  total  score  of  two  will 
be  assigned,  to  distinguish  them  from  controls. 

6.  In  the  event  that  exposure  to  microwaves  coming  from  an 
antenna  is  listed  for  two  different  antennas  (different  powers 
and  frequencies)  the  higher  powered  one  will  be  coded  except 
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where  the  duration  of  work  on  the  high  powered  antenna  la  speci¬ 
fied  as  being  a  few  seconds  and  the  duration  of  work  on  the  lowei 
power  is  hours.  In  this  case  the  exposure  to  the  lower  power  will 
be  recorded 


calculation  of  Approximate  Average  Power  from  Pepk  Power, 

Average  P  =  (Peak  Power)  x  (Pulse  Width)  x  (Pulse  Repetition  Rate) 
-  watts  x  sec  x  sec"1 
Let  P„  *  average  peak 

Pp  -  peak  power 

W  ■  pulse  width 

r  -  pulse  repetition  rate 


Pff 

Pp 


Pp  WR 


WR 


An  average  value  of  WR  will  be  used  to  convert  from  peak  power 
to  average  power 
Assumes 


W  ■  1.0  peec 
r  -  103  sac- 


p 

=*  i  WR  »  (10-6  X  103)  ■  10"3 
PP 


Pp 

p*  ■  lofe 


therefore. 


IBM  -  card 


-  Microwave  Data 


MICROWAVE  SURVEY  IBM  CARD  CODE  DESIGNATION 


APPENDIX  III-D 

Column 

Number _ Field _ 

1-2  Site  Identification 

0  -  Rome  Air  Development  Command,  Rome,  New  York 

1  -  RCA,  BEMEWS,  Greenland 

2  -  Sperry  Rand  company.  Lake  Success,  New  York 

3  -  DuPont,  Wiiminyton,  Delaware 

4  -  Sylvania,  Waltham,  Massachusetts 

5  -  Pacific  Missile  Range,  Point  Mugu 

6  -  Pacific  Missile  Range,  Point  Arguello 

7  -  Sylvania,  Mountainview,  California 

8  -  RCA,  Moorestown,  New  Jersey 

9  -  A.T.  &  T.,  Bell  Labs.,  Whlppany,  New  Jersey 

10  -  Western  Electric,  Winston  Salem,  North  Carolina 

11  -  Raytheon,  Waltham,  Massachusetts 

12  -  RCA,  BEMEWS,  Clear,  Alaska 

13  -  OSS  Franklin  D.  Roosevelt,  New  York 

14  -  Cape  Canaveral,  Florida 

_ 15  -  Fort  Monmouth,  New  Jersey _ 

3-6  Indlvld\«l,  *dentlll£flfctgn 

Each  individual  that  has  been  examined  will 
be  assigned  a  number  which  he  will  keep  throughout 


Column 

Number 
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_ _ Field _ _ _ 

the  survey  regardless  of  the  site  at  which  he  Is 

located.  A  master  sheet  will  be  kept  to  relate 

the  number  to  the  individual. _ 

7-e  Age  of  Individual 

9- 14  Date  of  Bye  Examination 

Month  -  columns  9-10 
Day  -  columns  11-12 
Year  -  columns  13-14 

10- l/  Number  of  Months  of  Microwave  Work 

Approximate  total  months  -  0-999  months 

18  Job  Classification 

0  -  research  and  development 

1  -  assembly  of  microwave  components 

2  -  operation  of  radar  equipment 

3  -  installation,  maintenance 

4  -  research  and  development  plus  operation 

of  radar  equipment 
«  -  non-microwave  work 

6  -  operation  of  microwave  equipment  plus 
Installation,  maintenance  r  'd  test 


Column 

Number 
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- Eifild _ 

0  -  0  to  2  month* 

1  -  3  to  4  months 

2  -  5  to  8  month* 

3  -  9  to  16  month* 

4  -  17  to  32  month* 

5  -  33  to  64  month* 

6  -  65  to  128  month* 

7  -  129  to  256  month* 

0  -  257  to  512  month* 

9  -  513  to  1024  month* 

column*  21,  26,  31,  36  -  approximate  frequency 
band  for  specified  power  level* 

0  -  1  +  ■  band*  (1  to  4  kmc/*ec) 

1  -  c  band  (4  to  6  kmc/aec) 

2  -  x  band  ( 5  to  20  kmc/*ac) 

3  -  k  band  (18  to  37  kmc/sec) 

4  -  q  +  v  band  (37  to  57  kmc/*ec) 

5  -  w  band  (57  to  100  kmc/sec) 

6  -  greater  than  100  kmc/*ec) 

7  -  0  to  1  kmc/*ec 

9-1  +  s  +  c  +  x  ba.:d  combination* 


9 


other  combir.aticr*  of  the  above  band* 


Column 

Number 
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_ FlffW _ 

columns  22,  27.  32,  27  -  mode  of  power  termination 

at  indicated  power  level 

0  -  dummy  load 

1  -  outside  antenna 

2  -  within  room 

3  -  combination  of  dummy  load  and  outside  antenna 

columns  23,  28,  33,  38  -  distance  from  microwave 
generating  equipment  during  operation  at  the 
specified  power  lev bio 
0  -  0  to  10  feet 

1  -  11  to  20  feet 

2  -  greater  than  20  feet 

columns  24,  29,  34,  39  -  Job  designation  while 
working  with  the  microwave  generator  at  the 
indicated  power  levels. 

0  -  research  and  development 

1  -  assembly  of  microwave  components 

2  -  operation  of  radar  equipment 

3  -  installation,  maintenance  and  test 


Column 

Number 
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Field 


4  -  research  and  development  plus  operation 

of  radar  equipment 

5  -  non-microwave  work 

b  -  operation  o'  microwave  equipment  plus 
ins  La  Hat  ion,  maintenance  and  test 
7  -  research  and  development  plus  Installation, 
maintenance  and  test  of  radar  equipment 
3  —  LuiiuiualiOiio  of  Job  classifications 
9  -  research  and  development  plus  operation 
of  microwave  equipment 

40-41  Age  of  Individual  at  Fxrst  Indicated  Mlcrowive  Work 

0-09  years 

42-44  Looked  Into  energised  Wave.gu.ifle 

column  42  -  number  of  times  individual 
indicated  he  looked  in  energized  waveguide 
0  -  1  to  3  time* 

1  -  4  co  10  times 

2  -  greater  than  10  times 


1 


Column 

Number 


45-48 
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_ Field _ 

column  43  -  average  power  being  generated 
at  the  time  of  viewing 
0  -  0-10  watts 

1  -  11-100  watts 

2  -  101-1000  watts 

3  -  greater  tnan  1000  watte 

4  -  combination  from  0  to  1000  watts 
column  44  -  method  of  viewing  the  waveguide 
0  -  viewing  bend 

1  -  viewing  open  waveguide 

2  -  other  viewing  method 

3  -  combination  of  viewing  bend  and  viewing 

open  waveguide 

4  -  viewing  feedhorn  (no  antenna) 

Felt  Heat  From  Microwave  Generator 

Column  45  -  hands  only 
0  -  1  to  3  times 
1  -  4  to  10  times 


2  greater  than  10  times 


Column 

Number 
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_ UsM _ 

column  46  -  whole  body 
0  -  1  to  3  times 

1  -  4  to  10  times 

2  -  gro^ter  than  10  times 
column  47  -  head  only 

0  •  1  to  3  times  ] 

1  -  4  to  10  times 

2  -  greater  than  10  times  ' 

column  48  -  frequency  band  being  generated 
which  resulted  in  the  indicated  perception 

of  heat 

0  -  1  +  s  bands  (1  to  4  kmc/sec) 

1  -  c  band  (4  to  6  kmc/sec) 

2  -  x  band  (5  to  20  kmc/sec) 

3  -  k  band  (18  to  37  kmc/sec) 

4  -  q  +  v  band  (37  to  57  kmc/sec) 

5  -  w  band  (57  to  100  kmc/sec) 

6  -  greater  than  100  kmc/sec)  * 

7  -  0  to  1  kmc/sec  % 

8-1+s+c+x  band  combinations 

9  -  other  combinations  cf  the  above  bands 

t 


Column 

Number 


Field 


49-60  Antenna  Work 

antenna  locations 

columns  49-52  -  work  data  in  front  of  antenna 
columns  53-56  -  work  data  In  rear  of  antenna 
columns  57-60  -  work  data  at  side  of  antenna 
columns  49,  53,  57  -  duration  of  work  at 
specified  antenna  locations  while  mileima 
was  radiating 
0  -  seconds 

1  -  minutes 

2  -  greater  than  an  hour 

columns  50,  54,  50  -  antenna  power  output 
during  work  at  specified  antenna  locatlona 
0  -  0  to  100  watts  (average  power) 

1  -  101  to  1000  watte  (average  power) 

2  -  greater  than  1000  watte  (average  power) 

column.*  51,  55.  59  -  microwave  frequency 
during  work  at  indicated  locations 
0  -  1  +  s  bands  (1  to  4  kmc/sec) 

1  -  c  band  (4  to  6  krac/eec) 


2  -  x  band  (5  to  20  kmc/sec) 


Co  lvmn 
Humber 
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FieljL. - 

3  -  k  band  (10  to  37  kmc/sec) 

4  -  q  t  v  band  (37  to  57  kmc/aec) 

5  -  w  band  (57  to  10i'  kmc/aec) 
f>  -  greater  than  100  kmc/aec) 

7  -  0  to  l  kmc/aec 

i 

0-1  +  s+  c+  x  band  combinations 
g  -  other  comblnatlona  of  the  above  bands  ^ 

columns  52,  56,  60  -  distance  from  radiating 
antenna  at  indicated  antenna  locations 
0  -  0  to  10  feet 

1  -  11  to  20  feet 

2  -  21  to  100  feet 

3  -  greater  than  100  feet 

61  Antenna  Heat 

column  61  -  period  during  which  heat  was 
perceived  by  the  individual  working  near 
radiating  antennas 
0  -  seconds 
1  -  minutes 


2  -  hours 


Co lumn 
Number 
6.2-63 
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SxiX)Bure  gcorea 

column!  62-63  -  total  exposure  score 

64  Family  History  ot  Bye  Disease 

0  -  mother 

1  -  father 

2  -  children 

3  -  maternal  grandmother 

4  -  maternal  grandfather 

5  -  paternal  grandmother 

6  -  paternal  grandfather 

7  -  combinations  of  above 

65  Change  of  Distance  Glasses  in  the  Past  10  Years 

0  -  x 
1-1 
2-2 

3- 3 

4- 4 

5- 5 

6- 6 


7-7 


'  eiumn 
Number. 


66 


67-03 
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_ JLkeid _ 

a  -  e 

9  -  9  or  more 

Evidence  of  F-’e  Defects  or  Illnesses 
0  -  glaucoma 

’  cataract  ’ 

2  -  uveitis  (iritis,  cyclitls,  choroiditis) 

3  _  retinal  detachment  • 

4  -  congenital  defects 

5  -  keratitis 

6  -  pLyrlgium  (growth  on  eyelid) 

7  -  combinations  of  the  above 

8  -  acute  symptoms  of  exposure 

V.-.slon 


Right  BY& 

Left  Eve 

0  -  20/20 

0  -  20/20 

i  -  20/30 

1  -  20/30 

2  -  20/40 

2  -  20/40 

3  -  20/50 

3  -  20/50 

4  -  20/70 

4  -  20/70 

5  -  20/100 

5  -  2/100 
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Column 

Number 


69-74 


75-76 


_ Field _ 

6  -  20/200  6  -  20/200 

7  -  20/200  7  -  20/200 

Lenticular  Changes 

69  -  minute  defects 

70  -  opacification 

71  -  relucency 

72  -  sutural  defects 

73  -  posterior  po^ar  defects 

74  -  photographic  findings 

0  -  insignificant 

1  -  minor 

2  -  moderate 

3  -  major 


Summation  of  Lens  Defects  -  69  +  70  +  71  +  72  +  73 


o 

1 

o 

o 

07-7 

01-1 

00-0 

02-2 

09-9 

03-3 

10  -  10 

04-4 

11  -  11 

05-5 

12  -  12  etc 

06-6 

APPENDIX  IV-A  TEST  OP  THE  SIGNIFICANCE  OF  THE 
DIFFERENCE  IN  REGRESSION  COEfFICIENTS 

d.e.,  e1-«) 

The  hypothesis  BJe  •  9lc  was  tested  to  determine  the  statisti¬ 
cal  significance  of  the  difference  in  the  computed  regression  co¬ 
efficients.  The  analysis  was  performed  aa  follower 


Ho:  5la  =  Plc 
Ha:  0le  4  Blc. 

The  statistic 


—  _  (ble-ble)2 

will  follow  an  F  distribution  with  one  and  (N#+Nc-4)  degrees  of 
freedon  if  the  hypothesis  Ho  is  true,  where 
s2p  *  pooled  estimate  of  the  variance 


3.1198 


SSEC  *  sura  of  squares  due  to  error  for  control  group 
S8Ee  “  sum  of  squares  due  to  error  for  exposed  group 
Substituting  the  values  in  the  expression  for  F*  reaulta 
in  F*  ■  5.3637,  and  by  referring  to  the  tabulated  F  values,  it 


can  be  determined  that 


0.01<P^  F(l,i291)>F*(»5 


.36) ^  <  0.025. 


Therefore,  the  observed  difference  in  the  two  req  ’salon  co¬ 


efficients  can  oa  said  to  be  statistically  significant. 


APPENDIX  IV -B  TEST  Of  THE  SIGNIFICANCE  OF  THE 
DIFFERENCE  IN  MEAN  EYE  SCORE 


To  determine  the  significance  of  the  difference  in  eye  score 
at  a  specific  age,  the  hypothesis  ue  =  nr  was  tested  as  follows « 


Hoi  ue  =  Uc 


Hai  Ue  4 

lc' 

The  statistic 

($.-$c >= 

F*  =  - 

2 

'i  ,  i  ♦  .  "w* 

B  V 

SXXe  SXXC  J 

will  follow  an  F  distribution  with  one  and  (Nc+Ne  -  4)  degrees 
of  freedom  if  Ho  is  true.  Since  X,  *  Xc  ■  33,  the  hypothesis 
may  be  tested  at  the  approximate  mean  age  of  33,  in  which  case 
the  above  statistic  reduces  to 

"  »2p  (Ne+Nc) 

Substitution  results  in  F*  =  12. S6  and  from  the  tabulated  values 
of  the  F  distribution,  we  may  determine  that 

P  £r<l,1291)  >  T*  (=12.56)  ]  <  0.0005. 

Thus,  the  observed  difference  in  mean  eye  scores  at  the  approxi¬ 
mate  mean  age  of  33,  for  the  groups,  can  be  said  to  be  statisti¬ 
cally  highly  significant. 


APPENDIX  IV -C  TEST  OF  THS  SIGNIFICANCE  OF  THE 


DIFFERENCE  IN  REGRESSION  COBF.-iCfeNIo  [L.C.,  2  1  * 

OF  GROUP  WO  (i.e.,  GROUP  SINCE  OCT,  1963  ) 

The  hypotheses  0le  -  2lc  was  tested  to  determine  the  statis¬ 
tical  significance  of  the  difference  in  the  computea  reyiessioi. 
coefficients.  The  analysis  was  performed  as  followsi 

Ho!  0le  =  Plc 

«■'  Pi-  ♦  eic 

The  statistic 


(bie-bic>2 

F*  ■ 

will  follow  an  F  distribution  with  one  and  (Ne+Nc-4)  degrees 
of  freedom  if  the  hypothesis  Ho  is  true,  where 


s2p  =  pooled  estimate 


of  the  variance 


8SBc+88Ee 

Na+Nc-4 


2.1765 


S8EC  ■  sum  of  squares  due  to  error  for  control  group 
»SE_  =  sum  of  squares  due  to  error  for  exposed  group 
Substituting  the  values  in  the  expression  for  F*  results 
in  F*  -  3.9658,  and  by  referring  to  the  tabulated  F  values,  it 
may  be  determined  that 

P  [  F(l,453)  >  F*( =3.9658 ) j  <  0.05. 

Therefore,  the  observed  difference  in  the  two  regression  co¬ 
efficients  can  be  said  to  be  statistically  significant. 


APPENDIX  IV-D  TEST  OF  THE  SIGNIFICANCE  OF  THE 

DIFFERENCE  IN  MEAN  EYE  SCORE  OF  GROUP  WO 
U.e.,  GROUP  EXAMINAED  AFTER  OCT.  1961) 

To  determine  the  significance  of  the  difference  in  eye  score 
at  a  specific  age,  the  hypothesis  ue  -  uc  «a.  tested  aa  follows: 

1,01  "  ^c 

Ha:  ue  *  hc- 
The  atatistic 


will  follow  an  F  distribution  with  one  and  (He+Nc"4)  degree8 
of  freedom  if  Ho  ia  true. 

1)  The  hypotheais  Ho  was  tested  first  at  the  overall  mean 
age  for  tl.e  combined  group  (i.e.,  X,  “  xc  *  32.7133). 

The  following  values  were  determined  for  substitution  in  the 

above  equation! 

$e  =  5.3427 

$c  =  5.3033 

a*  ■  2.1755 
P 

Nc  =  261 
Nc  ■  196 
3C,  ■  31.5096 


I 


APPENDIX  IV-E 


ANALYSIS  OF  THE  FEASIBILITY  Or  PERIODIC  LENS 
EXAMINATIONS  TO  MONITOR  MICROWAVE  EXPOSURE  EFFECTS 

The  difference  in  mean  eye  scores  &  for  the  exposed  and 
control  gro-  ps  which  will  enable  the  detection  of  that  difference 
with  a  specified  probability  may  be  determined  by  consi.deratlor 
of  the  magnitude  of  the  observed  difference  in  the  rate  of 
change  of  minor  lens  defects  for  these  groups  and  the  expected 
variance  of  the  determinations. 

The  following  terms  may  be  defined  to  determine  the  approxi¬ 
mate  period  of  observation  required  to  detect  an  Increase  in 
the  difference  In  mean  eye  scores  of  the  exposed  and  control 
groups  j 

Notation 

A0l  ■  (Poe  ~  °oc>l  ■  true  difference  In  mean  eye  scores 

at  time  xlf 

Ap2  "  (0Oe  *  Poc>2  "  true  difference  in  mean  eye  scores 

•  at  time  x2, 

6  -  Ap2  -  APj. 

API  =  (Soe  -  Pock  *  estimated  difference  in  mean  eye 
,  scores  at  time  xj, 

A  02  ■  (0oe  *  ^oc)2  " 

»  £  .  A  A  A 

c  *  Aft2  -  A&1 

*  The  statistic 


A 


estimated  difference  in  mean 
eye  scores  at  time  x2. 
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Xc  -  34.3163 
SXXa  =  19715 
SXX„  «  23880 

The  F*  value  at-  the  overall  mean  age  was  found  to  be 
F*  -  0.0733 

which  la  not  significant. 

2)  The  hypothesis  Ho  was  tested  at  age  60  (i.e.,  xe  “  xc  “  60) 
the  same  manner  as  above  and  rnn  P*  value  was 
F*  *  3.8365 

and  P^Fll,453)>F*  < »3. 8965) j  <  0.05 

Therefore,  the  observed  difference  In  mean  eye  scores  at 
age  60  for  the  groups,  can  be  said  to  be  statistically  significant. 


32- 


will  then  be  di.Lributod  approx tmat. ly  «»  *  t  with  Ne  *  Nc  '  2 
.  J293  degree.  of  freedom  under  the  bypoth..!.  Ho.  -  0,  end 
elnc  the  numh.r  of  degree,  of  freedom  1.  Urge,  «r  he 
...umed  enproxlraatcly  equal  to  end  the  -t.tl.tlo  t*  *  «*. 
l.e.,  It  1.  approximately  dl.trlbuted  ..  .  et.nd.rdlred  normal 

variable . 

Therefore, 


*P 

L  Nc  N« 


Tha  power  of  this  teat  may  be  determined  aa  a  function 
of  6.  ••  followa  (6>0)«  > 

H(6  >  =  pr»j> Zl"a"  ) 

where  ■  •pf(Nc  +  Ne^l 

By  u.e  of  the  tabulated  value,  for  the  dlatrlbutlon  of  a 
normal  variable,  thi.  expre.alon  may  be  amplified  to 


ni6i  •  i  -  $^zi-d  ] 


Subetltutlon  of  tb.  value.,  .p,  *"■>  »o  «  determined 

f„  the  regr.ee ion  en.lv.le  of  the  eempl.  of  11.1 
worker,  end  control,  yield,  the  power  function,  TKO  ),  »■ 


UNCLASSIFIED 


UNCLASSIFIED 


